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ABSTRACT 
It has been thought for a number of years that the ovarian hormones, 
estrogen and progestin, directly stimulated the growth of the duct and 
lobule-alveolar system of the mammary gland. More recently it has 
been shown that the action of the ovarian hormones is indirect and 
that the anterior pituitary secretes a mammogenic hormone which 
directly activates the gro\vth of the mammary gland. There appear 
to be two mammogenic factors, one which stimulates the growth of the 
duct system and the other the lobule-alveolar system. 
This bulletin presents the results of studies on the duct growth factor 
of mammogen. An assay method was developed using the male mouse. 
Pituitaries were collected and assayed from 545 cattle. A low level of 
mammogen was found in the anterior pituitaries of fetuses, growing 
males and steers. The mammogen content of beef and dairy anterior 
pituitaries was found to be low in early and late pregnancy rising to a 
peak at about the 150th day. Dairy cow pituitaries contained con-
siderably more mammogen than did those of beef cows. An even hig·her 
content of hormone was found in the pituitaries of growing heifers 
than in pregnant females while lactating cows had more than dry 
cows. During the estrous cycle the mammogen content appeared to 
be highest in the luteal stage. 
Male rabbits given estrone responded with an increase in mammogen 
to double the content found in pregnant rabbits. When the estrone 
dosage was excessive, however, no mammogen response was secured. 
Mammogen (duct growth factor) was found to be readily separated 
from other known anterior pituitary hormones. Any estrogen present 
in the anterior pituitaries was found to be far too little to have caused 
the mouse mammary proliferation obtained. Concentration of mam-
mogen to 1/400 of the fresh condition was obtained. It is probable 
that separation of a duct-growth and a lobule-alveolar factor was 
secured. 
Extracts of anterior pituitary were shown to develop complete 
mammary duct systems in male ancl spayed female mice, spayed 
female rabbits and hypophysectomized ground squirrels. 
The Mammogenic Hormones of the 
Anterior Pituitary 
I. The Duct Growth Factor 
A. A. LEwis* and C. W. TURNER 
INTRODUCTION 
The mammary apparatus may be considered an integral part of the 
female reproductive system. Reproduction is the foundation on which 
is built the livestock industry of the country. Besides the mammary 
function of furnishing nutrients to the young until they can assimilate 
grains and grasses, milk production in itself has become a hig·hly 
specialized function in dairy cattle where excess quantities of secretion 
are made available for manufacture and sale. 
Elucidation of the causes and conditions underlying the secretion 
of milk in optimum quantities is yielding information destined to be 
of considerable importance to the dairy industry. Investigation of 
the causes of growth and elaboration of the mammary gland, of 
initiation and maintenance of lactation and the physiological regulation 
of the precursors of milk is throwing light upon many of the problems 
of milk production. 
The investigations reported in this paper were designed to increase 
our knowledge of the physiological causes of growth of the mammary 
parenchyma which includes the duct and lobule-alveolar system in dis-
tinction to the stroma or supporting tissue of the gland. The develop-
ment of this knowledge may furnish means by which deficiencies in 
lactation due to poor inheritance or reproductive troubles can be over-
come. It may eventually furnish means by which the hereditary 
potentialities for mammary growth can be determined in advance of 
lactation. Endocrine studies of milk secretion should furnish means 
by which the now seemingly complex genetic basis of milk production 
can be divided into several more simply inherited factors and their 
physiological mode of expression determined. 
The discovery of the presence of a factor, called mammogen, in the 
anterior pituitary which directly stimulates the growth of the mam-
mary parenchyma has opened an entirely new field of investigation. 
In initiating this work, it was necessary first to formulate a suitable 
assay technique. By the use of this method, the influence of a number 
of factors upon the mammogen content of cattle and rabbit pituitaries 
• submitted. by the senior author in partial fulfilment of the requirements for the degree .of 
Doctor of Ph1losophy in the Graduate School of the University of Missouri, 1939. 
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were determined. Chemical ' separation· and concentration of the 
mammogenic duct growth·factor was secured and some of its chemical 
characteristics determined. The present study lends additional sup-
port to the claim that the anterior pituitary secretes another until 
recently unrecognized hormone (mammogen) specifically stimulating 
the growth of the mammary gland. 
REVIEW OF LITERATURE 
Normal Development of the Mammary Gland 
The literature on endocrine control of mammary function has been 
reviewed by Turner (1932, 1939) and will not be extensively re-
capitulated here. The production of fully developed mammary glands 
and their functional activity requires a high degree of synchronization 
between the pituitary, ovaries and uterus. The development of the 
mammary gland from birth to post-parturient lactation may be divided 
into three phases. (a) During· the pre-pubertal period the mammary 
gland undergoes very gradual development although the parenchyma 
is still limited to a few ducts close to the nipple. (b) During puberty, 
with each estrous cycle, duct growth occurs. Where the luteal phase 
constitutes pseudo-pregnancy, as in the rabbit, dog, and ferret, com-
plete mammary gland development occurs: (c) During the first half 
to two-thirds of pregnancy growth of the lobule-alveolar system occurs. 
Upon cessation of secretion the mammary glands regress to a simple 
duct system somewhat more complex than in the \l'irgin condition. 
The lobule-alveolar system atrophies and the ducts become thin and 
comparatively achromatic on fixing and staining. However, in animals 
such as dairy. cattle where the succeeding pregnancy and lactation 
overlap, the normal changes in the mammary glands have not been 
thoroughly studied. In such cases the stimulus to development of 
the lobule-alveolar system occurs in accordance with that of most other 
species, during the first half to two-thirds of pregnancy. This has been 
shown to occur during the first pregnancy (Hammond, 1927). Since 
most parous dairy cattle conceive from two to four months after 
freshening, stimulus to growth of the mammary parenchyma occurs 
while the gland is secreting heavily and should be completed while 
production is declining. This phenomena has not been explained by 
investigations but the theory has been advanced that the lobule-
alveolar system developed during the previous pregnancy gradually 
regresses as cells are worn out and not replaced. The new development 
during the concurrent pregnancy then remains quiescent until the 
succeeding parturition. 
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Experimental Development of the Mammary Gland 
The first successful experimental growth of the mammary paren-
chyma was accomplished about 1910 with extracts of ovaries and 
placenta. Previous investigators had obtained inconclusive results 
largely because they employed aqueous extracts. Little was ac-
complished, however, until the development of the rat unit test for 
estrogen by Allen and Doisy in 1923. This was preceded by studies 
on estrual changes in the vagina of the guinea pig, the rat and the 
mouse. Estrogenic extracts then made available stimulated experi-
mental study of mammary gland development. 
Effect of Estrogen ou the Mammary Gland 
·while a great deal of work has been done on mammary growth ·with 
ovarian hormones, recent deYelopments have shown: that their action 
is indirect through the pituitary. It is therefore less important to 
review this work since it has only an indirect application to the present 
problem of mammary development with pituitary tissue and extracts. 
Administration of estrogen, under conditions approaching the 
physiological, to most species of experimental animals has been sho·wn 
to cause development of a complex mammary duct system such as is 
present in the virgin but mature animal. Animals castrated when 
immature or males in which the mammary gland is normally rudi-
mentary respond to such treatment. Estrogens injected into mature 
females with complete duct systems are usually ineffective in causing 
further hyperplasia. 
On prolonged injection, the limit of grov;rth stimulation is reached 
and then regression to a condition of inactivity tends to occur. 
There seems to be an optimum rate of growth of the mammary ducts. 
Hormone dosage which is above optimum causes no faster hyperplasia 
and may even result in stunting the glands. 
Experimental evidence showing that estrogen affects mammary duct 
growth is available for several species including the mouse, rat, rabbit, 
cat and dog. The human gland may respond similarly. In the case 
of mice, those of cancer susceptible strains seem to be more liable to 
alveolar development with estrogenic treatment than mice of cancer 
resistant strains. Equilin and estradiol seem to be more effective for 
lobule development than estrone and estriol. 
In at least two species, the guinea pig and monkey, estrogen causes 
development of complete mammary glands with lobule-alveolar systems. 
such as are present in pseudo-pregnancy or at mid-pregnancy. A long 
period of injections is required in the monkey to secure extensive de-
Yelopment. 
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Estrogens have usually been administered subcutaneously but in-
traperitoneal injection is also effective. Cutaneous application has been 
found effective in guinea pigs, rats, mice and probably in women. In 
one report, unilateral application of estrogen to the skin of a large 
series of rats always gave equal development of all the mammary 
glands. This seemed to indicate an indirect action of estrogen upon 
the mammary gland. Estrogen was also found effective on glands 
transplanted from the normal site and in thyroidectomized rats. 
As low a dosage as one rat unit of estrogen daily for 15 to 30 days 
was found to cause considerable duct hyperplasia in rats. One 
publication even reported development with 0.01 gamma of estrone 
daily. From 10 to 20 r.u. (approximately 50 to 100 i.u .) for 20 to 30 
days appear to be adequate in the guinea pig. Ten ra~ units of estrone 
daily caused considerable duct development in male and castrate 
female mice after 10 to 20 days of treatment. Extensive duct develop-
ment was secured in rabbits given 20 to 30 r.u. of estrogen daily for 
30 days. 
Effect of Estrogen Plus Progestin Qn the Mammary Gland 
Since estrogen appeared to cause only duct development the cause 
Qf lobule-alveolar development was then sought. That a secretion of 
the corpus luteum causes the mammary proliferation of pregnancy 
was suggested by the close relationship between this development and 
the presence of the corpus luteum of pregnancy. Mammary gland 
hyperplasia occurs during the first half to two-thirds of pregnancy 
when the corpus luteum is active. 
Administration of extracts of corpora lutea containing progestin 
have been found almost uniformly negative in regard to mammary 
development in guinea pigs, rats, mice, rabbits and monkeys when 
estrogen is not present. Progestin is even inactive when given alone 
after preliminary treatment with estrogen. One investigator, however, 
has reported duct growth in a few mice with progesterone. 
Althoug·h progestin alone is inactive on the mammary gland, when 
administered with suitable proportions of estrogen, the two hormones 
have been found to complete the development of the mammary glands 
of rats, mice and rabbits to the pseudo-pregnant condition. In guinea 
pigs, in which only estrogen appears to be necessary for complete 
mammary development, the addition of progestin has little additional 
effect. 
One-third to one rabbit unit (1 mg. ) of progestin plus 2.5 to 5 r.u. 
of estrog·en injected daily for 10 to 20 days appear to be sufficient in 
rats. The same progestin plus 10 r . u. of estrogen caused complete 
mammary development in 15 days in male mice while about double the 
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amount for 30 days was required in rabbits. Experimental animals 
will lactate freely if pituitary lactogenic hormone is administered after 
such treatment. 
Effect of Male Hormone on the Mammary Gland 
In some species, male mammary glands normally attain considerable 
development. This is true of the rat, guinea pig, goat and man. Certain 
male hormones have been shown to cause mammary development on 
administration to rats, guinea pigs and mice. Androsterone, an-
drostanediol, androstenedione and testosterone have been reported to 
be effective for both duct and lobule development in rats. Glands 
developed in castrate male rats resembled those of normals with re-
stricted duct systems and lobules. 
Unsaturated androgens were reported to cause teat growth in guinea 
pigs whereas saturated androgens did not. Growth of primary ducts 
occurred but there was little alveolar development. Although an-
drosterone was reported to haYe little effect on mammary growth in 
male mice, testosterone and androstenedione caused considerable ~uct 
development. 
Androgenic hormone is not necessarily the agent which normally 
causes development of mammary glands in the males of some species 
for estrogens have also been found in males. The urine and feces of 
male rats contain considerable estrogen. l\fale mice, which have very 
rudimentary mammary glands, have little or no estrog·en in these 
excretory products. 
The Influence of Ovarian and Testicular Hormones on 
Hypophysectomized Animals 
Positive Results with Estrogen. The Rat.-Duct development 
appeared to have occurred in four hypophysectomized male rats given 
50 mouse units (m.u.) of estrone twice daily for 14 days. A fifth rat 
was negative (Ruin en, 1932). deJ ongh ( 1933) reported that trans-
planted mammary glands responded to estrog·enic hormone adminis-
tration in hypophysectomized rats. 
Hypophysectomized female rats given estrogen showed erratic mam-
mary proliferation but generally much less marked than in spayed 
animals. When 1/ 5 to one rabbit unit (rb. u.) of progesterone was 
added to the estrone some additional proliferation was reported 
(Nelson, 1935) . 
Estrogen plus progestin was reported to cause extension of side 
branches and pregnancy alveolar changes in the epithelial mammary 
cells of three hypophysectomized castrate rats. Three others given 
estrogen alone after removal of the pituitary had alveoli only at the 
ends of the ducts (Freud and de J ongh, 1935) . 
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The Rabbit.-Mammary development in four adult ovariectomized 
hypophysectomized rabbits was believed to be equal to that attained 
in four spayed nonhypophysectomized rabbits or where hypophy-
sectomy was incomplete. This development ranged from a low to full 
pseudo-pregnant condition after administration of 25 rb. u. of estradiol 
benzoate and 4 to 12 rb. u. of progestin daily for 15 days (Asdell and 
Seidenstein, 1935). 
The Guinea Pig.-Glancl spreads, teat sections, and histological study 
of mammary glands from six male hypophysectomized guinea pigs 
showed growth comparable to that in normal animals after treatment 
with 40 r. u. of estrogen daily for five weeks. At autopsy two of the 
animals were found, however, to have pituitary fragments in the sellae 
(Nelson, 1935). 
The Dog.-Enlargement of teats and mammae was reported in a 
male hypophysectomized dog given10,000 international units (i. u.) of 
folliculin in 54 days. No histological study was made (Houssay, 1935). 
Negative Results with Estrogen.-A large number of experiments 
hav!'l s~own, however, that development of mammary parenchyma is 
not obtainable in completely hypophysectomized animals treated with 
ovarian hormones. 
The Rat.-Selye, Collip and Thompson (1935) reported that the 
mammary glands of 12 rats suddenly involuted after hypophysectomy 
on the sixth day of lactation in spite of 100 gamma injections of 
estrone daily. The authors concluded that the pituitary is necessary 
for the action of estrogen upon the mammary gland. This experiment 
is hardly critical, however, for a sudden involution or shrinkage of 
the lactating mammary gland would be expected from the withdrawal 
of the lactogenic hormone on removal of the pituitary. Since estrogen 
has been shown to affect hardly more than duct growth it could not be 
expected to regenerate the mammary gland to the lactating or even 
pregnant condition. Also the involution of the lobule-alveolar system 
involving degeneration of cells does not occur suddenly but has been 
shown to require at least as long as does its development (Turner, 
1939). 
No mammary development occurred in five completely hypophy-
sectomized immature female and four similar male rats given 25 to 
500 i. u. o£ estradiol benzoate a day for 15 to 45 days. Injected control 
rats and several with incomplete operations developed extensive mam-
mary duct systems with numerous end-buds showing rapid prolifera-
tion (Reece, Turner and Hill, 1936). 
None of six hypophysectomized female rats showed more than very 
slight mammary development from estrone injection even though 
maintained in good condition with anterior pituitary (AP) extract. 
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The gonads and adrenals remained normal. The administration of 
estrone alone also had no effect. Selye and Collip (1936) therefore 
concluded that the action of estrone must be indirect through the 
pituitary. 
In hypophysectomized rats, sexually normal and castrate, Nelson and 
Tobin (1936) reported that estrone had very little effect upon the 
mammary glands. A lactogenic extract of the hypophysis had no more 
effect, but estrone plus a crude pituitary extract caused the develop-
ment of extensive mammary glands with alveoli. 
Astwood, Geschickter and Rausch ( 1937) found that a maximum of 
50 gamma of estrone daily did not cause mammary growth in rats 
with the pituitaries removed. Indeed, regression of the mammary 
system occurred during injection. Norma1 young rats were then placed 
on a restricted diet to simulate the disturbed nutritional conditions 
after hypophysectomy. When given five gamma of estrone daily for 
14 days no mammary hyperplasia resulted, while well fed controls 
showed considerable duct development. They concluded that the in~ 
effectiveness of ovarian hormones in hypophysectomized animals was 
insufficient evidence that mammary growth stimulation was mediated 
through the pituitary. Selye and Collip, however, had maintained 
their hypophysectomized rats in good condition ·with AP extract and 
still could obtain no mammary development. 
The mammary glanCl.s of seven completely hypophysectomized male 
and female castrate rats were entirely unstimulated when given 20 to 
100 i. u. of estrone daily for 20 to 45 days. Three with incomplete 
operations showed duct development (Gomez and Turner, 1937). 
Nelson (1938) reported that estrogen plus fresh pituitary tissue 
caused development of ducts and alveoli in hypophysectomized rats. 
The estrogen in this case is, of course, superfluous for the right dosage 
of fresh pituitary tissue alone will grow mammary glands as shown 
in the experimental section. The fundamental difference between this 
and the experiment of Selye and Collip reported above is that the 
fresh pituitary tissue used by Nelson must have contained sufficient 
mammogen while the AP extract of Selye and Oollip did not. 
That the action of estrogen is indirect and throug·h the pituitary has 
recently been further confirmed. Herold and Effkemann ( 1939) re-
ported that estrogen administration was ineffective in male and 
castrated female rats in which the pituitary stalk had been cut sever-
ing the nervous connection between the pituitary and the mid-brain. 
The theory was advanced that estrogen stimulation reaches the 
diencephalon through the blood and there sets up nervous impulses 
which travel through the pituitary stalk. These impulses then cause 
the anterior pituitary. to secrete a mammary growth factor. 
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The Guinea Pig.-Mammary glands of six hypophysectomized male 
guinea pigs showed practically no development and only a few drops 
of clear serous secretion after the animals were given estradiol 
benzoate for 37 days. Six normal control animals lactated from well 
developed mammary glands after similar treatment (Lyons and 
Pencharz, 1936 ) . 
The nipples developed to mature size but the mammary parenchyma 
showed no development in nine male and female hypophysectomized 
guinea pigs given estrogen. They were injected with 25 to 1000 i.u. 
daily of estrone or estradiol benzoate for 20 to 65 days. Four incom-
pletely hypophysectomized guinea pigs similarly treated developed 
extensive lobule-alveolar systems (Gomez and Turner, 1936). 
Male guinea pigs with well developed mammary glands showed 
atrophy of the glands to duct systems dilated with secretion 12 days 
after hypophysectomy. Estradiol benzoate was given at the rate of 
100 i.u. a day for a month before operation to develop complete mam-
mary glands. Hormone treatment was continued after hypophysectomy 
(Desclin, 1939). 
The Mmtse.-Gomez et al. (1937 ) reported that if even two to eight 
per cent of the pituitary remained after hypophysectomy, mammary 
response was good upon estrogen administration to male mice. Small 
remaining fragments could not be seen even with the dissecting micro-
scope. They may become encased in newly formed repair bone. This 
made necessary sectioning of the sellae turcicae. 
Thirteen completely hypophysectomized male mice failed to exhibit 
mammary hyperplasia on injection of 50 i. u. of estrogen daily for 20 
to 69 days (Gomez and Turner, 1937). 
Hypophysectomized male mice given crystals of estrone sub-
cutaneously showed no stimulation of mammary gland growth in a 
maximum of 152 days. Litters of mice showed cystic hyperplasia of 
the mammary glands when 50 gamma of estrone benzoate was smeared 
daily on the skin from a few days after birth to two to three months 
of age. They were then hypophysectomized. Rapid regression of the 
mammary glands followed in spite of continued application of estrone 
(Lacassagne and Raynaud, 1939). 
The Rabbit.-No mammary development resulted in two hypophy-
sectomized immature female rabbits given estrone. Mammary glands 
were removed after 20 and 50 to 60 days of treatment with 100 i. u. 
of estrone daily. A third incompletely operated rabbit showed ex-
tensive hyperplasia (Gomez and Turner, 1937). 
The Cat.-No mammary hyperplasia occurred in three immature 
male and a female hypophysectomized cats given 500 i. u. of estrogen 
daily. Males died on the 30th, 40th and 100th days of injection and 
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the female at 270 days. One female with an incomplete operation 
underwent considerable duct development (Gomez and Turner, 1937). 
The Ground Squin·el.-No mammary development was observed in 
six hypophysectomized ground squirrels after treatment with 50 to 
100 i. u. of estrone daily for 20 to 60 days. Two other females with 
incomplete operations similarly treated showed considerable extension 
of ducts (Gomez and Turner, 1937). 
Negative Results with Estrogen and Progestin. The Guinea Pig.-
Although the nipples developed, the mammary duct system of a 
male guinea pig and two females showed no extension after hypophy-
sectomy and ovarian hormone treatment. They were given 100 i. u. 
of estrogen plus 0.33 to 0.66 rb. u. of progestin daily for 12 to 30 days. 
The preoperative lobule system of a second male regressed after opera-
tion in spite of ovarian hormone administration. Two females with 
large pituitary fragments showed extensiYe development of the mam-
mary parenchyma (Gomez and Turner, 1937). 
The Rat.-Four young male rats with pituitaries removed showed 
no mammary growth stimulation when given 100 i. u. of estrone daily 
for 20 days plus 0.2 to 3.33 rb. u. of progestin. A fifth operation was 
incomplete. This rat developed complete lobule-alveolar systems 
(Gomez and Turner, 1937). 
Negative Results with Testicular Hormone. The Rat.-Synthetic 
testosterone had no effect on development of the mammary glands of 
hypophysectomized rats. Nine 38 to 43 day old male rats were given 
200 gamma of testosterone in oil daily starting either immediately or 
21 days after operation. Normal rats responded with duct hyperplasia 
after 19 days injection. Eleven hypophysectomized male rats given 
anterior-pituitary-like hormone from pregnancy urine to stimulate the 
testes showed little or no response (McEwen, Selye and Collip, 1937). 
The Influence of Hypophysectomy During Pregnancy 
Sections of mammary glands removed from 10 rats two to six days 
after hypophysectomy during the second week of pregnancy showed 
numerous mitotic figures and a normal cell condition. Removal of the 
pituitary at that time was reported not to affect the development 
of the mammary gland such as occurs during the last half of pregnancy 
(Jeffers, 1935). This development is mostly hypertrophy of lobules 
and alveoli with the initiation of secretion. 
The mammary glands of guinea pig·s hypophysectomized at the 
40th day of pregnancy and examined 9 to 12 days later resembled 
normal glands at parturition. Lobules were adjacent and with abund-
ant secretion. Mitoses were numerous. The absence of pituitary 
tissue was verified in ten cases. The conclusion was reached that 
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either the fetal pituitaries or the placenta must substitute · for the 
maternal pituitary but that the hormone agent is not estrogen (Desclin, 
1939). 
Normal mammary changes occurred in pregnant inice even after 
digital abortion of the fetuses and hypophysectomy on the twelfth day 
of pregnancy if the placentae were maintained. The alveoli were 
full of secretion and the cells full of vacuoles. If the placentae were 
aborted after the operation, the mammary glands regressed to little 
more than a duct system. Ovariectomy after abortion on the twelfth 
day also did not affect the development of the mammary glands in 
niice and rats provided the placentae were maintained (Newton and 
Beck, 1939). 
It would seem that the placenta produces a substance which will 
maintain the mammary glands during the latter half of pregnancy 
and will initiate secretion even in the absence of the pituitary and 
the ovaries. 
The Influence of Pituitary Tissue on the Mammary Gland 
Negative Results. The Rat.-One male pituitary implant on alter-
nate days for a month did not cause any mammary development in two 
parous spayed female rats (Schultze and Turner, 1933). 
Pituitaries from mature male rats given to five mature females did 
not cause mammary changes after five to 13 implants (Weichert, Boyd 
and Cohen, 1934). 
Nelson (1936) stated that growth of the mammary gland with 
pituitary tissue or extracts was more apparent than real for a critical 
study of glands removed before and after induced lactation revealed 
no proliferation of new tissue but only an engorgement of the pre-
existing mammary elements with milk. 
The .Mause.-Transplants of three to five AP lobes from litter 
mates into seven OYariectomized female and several male mice had 
very little effect on mammary development. Usually three to four 
lobes were transplanted at two months of age and remained for eight 
to llmonths. One spayed female similarly treated showed consider-
able development but its secondary sex organs were also normal 
(Leob and Kirtz, 1939). 
Positive Results. The Rat.-Implantation of .fresh AP tissue from 
pregnant cattle was found to cause development of mammary ducts 
and many lobules in rats. Six immature castrate females were given 
10 mg. of fresh tissue daily. Three sacrificed after 10 clays had com-
plete duct systems and some lobules. Three killed after 25 days of 
treatment had complete mammary glands as at the 18th day of normal 
pregnancy. Two similar rats given implants of 10 mg. daily of AP 
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tissue from non-pregnant cattle showed no mammary stimulation 
(Gomez and Turner, 1938). 
Nelson (1938) reported that estrogen plus pituitary tissue caused 
development of ducts and alveoli in rats. 
Large groups of adult male and female rats were injected with 300 
to 1,000 i. u. of estrogen daily for 15 to 30 days. Their pituitaries 
were then implanted daily for 21 days into hypophysectomized young 
female rats. Pituitaries from normal rats were implanted into another 
series of rats. Nelson (1938b, 1939) reported that mammary develop-
ment was secured in both series. However, mammary glands from those 
given pituitaries from estrogen treated donors seemed to be on the 
whole less well developed than those of the control series. Mammary 
glands were thought to be better developed in animals of both series 
·which received 100 i. n. of estrogen daily in addition to the pituitary 
implants. 
The Rabbit.-Fresh or acetone dried AP tissue from pregnant cattle 
was reported to cause complete development of rabbit mammary 
glands. Three immature spayed females were implanted with 50 mg. 
of fresh tissue or 20 mg. of dried tissue daily for 25 to 30 days. A 
fourth rabbit given implants from non-pregnant cattle showed . no 
mammary response. The nipples remained rudimentary in all cases 
(Gomez and Turner, 1938). 
The Guinea P1:g.-The mammary glands of five hypophysectomized 
male castrate and non-castrate guinea pigs and a female developed 
either compound duct systems or lobules when given 0.5 to one 
pituitary a day from donor rats which had been treated with estrogen. 
Two castrate male guinea pigs given half a pituitary daily from 
similarly treated donor rats showed extensive hyperplasia of the 
mammary parenchyma. The nipples in these cases did not develop. 
Control guinea pigs, one hypophysectomized, one castrate immature 
male, and a third intact male showed no evidence of duct growth after 
implantation of one normal uninjected rat pituitary daily for 20 to 
30 days (Gomez and Turner, 1937). 
The Influence of Pituitary Extracts on the Mammary Gland 
Positive Results. The Rabbit.-Corner (1930) reported that alka-
line extracts of sheep AP (Parke-Davis) caused full development of 
the mammary glands of seven young sexually adult castrated female 
rabbits. The equivalent of 0.5 gm. of fresh tissue was given daily. 
Alveoli were present but the extension of the ducts was only about one 
centimeter in some cases whereas normal rabbit glands in pregnancy 
extend seven to 10 centimeters. By the fourth day of injection milk 
could be expressed from the nipples. The maximum extent of glands 
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was obtained by the 14th day of treatment. The AP extract was also 
reported to cause lobule-alveolar development in mature spayed 
rabbits. 
Tests of the extract for estrogen and progestin were negative. On 
ether extraction the aqueous residue was almost negative while ether 
soluble fractions gave inconclusive results. Heating for one hour at 
90°0. completely inactivated the AP extract. The active principle also 
rapidly deteriorated on storage. 
Lyons and Catchpole (1933) stated that a mammar y gland in a 
virgin female rabbit normally matured, then castrated, will respond 
by growth of ducts and alveoli and lactation to administration of 
pituitary lactogenic extract. Any ovarian hormones remaining in the 
body after castration could, they believed, only act by synergistic 
stimulation with lactogen. 
In 1936, Lyons reaffirmed his belief in the ability of the lactogenic 
hormone to cause alveolar hyperplasia. Young male rabbits were 
treated for three weeks with 10 r. u. daily of estrogen. This resulted, 
he claimed, in mitotic proliferation of the rudimentary duct systems 
and the development of small lobules and alveoli. One injection of a 
half million squab units of lactogen was reported to cause secretion 
and alveolar proliferation. After daily treatment for a week, enlarged 
conglomerate lobules ·were present as in normal lactation. Similar re-
sponse was secured in mature non-ovulated ovariectomized rabbits. 
A pituitary extract free of growth stimulating propert ies but high in 
gonad stimulating hormone was reported to cause extensive duct and 
alveolar development as well as lactation in female rabbits spayed on 
the day injections were begun (Catchpole and Lyons, 1933). 
Alkaline AP extract (Parke-Davis) apparently caused duct de-
velopment in two eight months old ovariectomized virgin rabbits and 
from nearly pseudopregnant to full pregnant development in four 
others. From two to four milliliters were given for nine to 17 clays. 
The active agent was found to be unstable. It was destroyed by 
heating above 60°0. for 20 minutes, by 85 per cent alcohol and by 
0.5 per cent acetic acid. 
Immature rabbits were unresponsive to the pituitary factor, however, 
indicating that a well cleYeloped duct system was necessary. In this 
case two male and two female rabbits five weeks old were given three 
milliliters a day for 11 days. Acid AP extract was also ineffective 
(Asdell et al., 1936) . 
The Rat.-Four ovariectomized female rats were given AP extract 
for 15 clays with practically negative results on the mammary 
parenchyma. In spite of this Nelson and Pfiffner (1931 ) stated that 
estrogen and progestin act on the AP causing production of a mam-
mary factor. 
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A lactogenic pituitary extract plus estrone had very little effect 
upon the mammary glands of hypophysectomized rats, but a crude 
pituitary extract plus estrone caused the development of extensive 
mammary glands with alveoli, according to Nelson and Tobin (1936). 
The Mouse.-Bradbury (1932) reported that pituitary extract in-
duced formation of alveolar tissue in hysterectomized or ovariectoinized 
mice provided there was some interlobular mammary parenchyma 
present at operation. He believed that normally alveoli were formed 
under pituitary influence but the development was suppressed by a 
uterine secretion. 
The H~tman.-Evans ( 1935) stated tlu;tt probably lactogen alone is 
responsible for growth of the breast during pregnancy. Abnormal 
breast hypertrophy and even lactation occur with gigantism and 
acromegaly or pituitary tumors in both sexes. Breast growth and 
lactation follow castration and the menopause in 25 per cent of all 
women. Senile lactation is also common. 
Negative Results. The Rabbit.-An alkaline extract of sheep AP 
(Parke-Davis) gave negative results in mammary development in 
three multiparous, a previously pseudo-pregnant, one hysterectomized, 
and a mature female rabbit. One to two milliliters were given daily 
for nine to 28 days (Turner and Gardner, 1931) . 
AP extract was found to be negative on mammary hyperplasia in 
immature rabbits according to Nelson and Pfiffner (1931). They 
stated that the mammary gland must first be subjected to ovarian 
influence, especially progestin, before normal secretion will occur. 
Lactogenic extracts and Parke-Davis AP extract gave only slight 
duct growth in four cases of mature spayed females and male rabbits 
out of nine mature and eight young females treated (Gardner and 
Turner, 1933). 
Immature and young spayed virgin female rabbits showed hyper-
trophy of the well developed duct systems after administration of AP 
lactogenic extract. The glands were still compound-tubular in struc-
ture although dilation of end-buds gave a superficial resemblance to 
lobules (Gardner, Gomez, and Turner, 1935). 
The G1tinea Pig.-No mammary hyperplasia resulted from the 
administration of AP extract for five to six days to eight castrate· 
guinea pigs. Three adult virgin females castrated in estrus responded 
with a copious flow of milk after three daily injections of AP extract .. 
Nelson and Pfiffner (1930) concluded that the mammary glands must 
be grown by an ovarian factor before the pituitary is effective but 
the profound growth (hypertrophy ?) during pregnancy is due to. 
anterior pituitary secretion. 
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An acid and alkali, iso-electric insoluble fraction of cattle and 
sheep AP was reported to cause no mammary hyperplasia (Riddle, 
Bates and Dykshorn, 1932). The same authors ( 1933) stated that 
lactogenic extracts of AP did not in the least favor development of 
the mammary parenchyma. 
Five r. u. of estrogen plus 0.3 ml. of lactogenic extract daily for 30 
days caused no mammary proliferation in two spayed parous guinea 
pigs (Schultze and Turner, 1933). 
No hyperplasia of the mammary glands nor lactation was caused 
by lactogenic extract injected into mature male guinea pigs, immature-
ly castrated females or multiparous females in anestrum. It did 
<lanse lactation in males after 20 daily injections of 20 r. u. of estrogen 
and when given to multiparous females in estrum (Turner and Gomez, 
1934). 
An alkaline extract of prehypophysis injected during 16 to 35 days 
into three normal and for 73 days into three castrate male guinea pigs 
produced no development of the mammary glands ( Sardi, 1935). 
Gomez and Turner (1937) found that five to 10 mg. daily of 
desiccated pituitary powder would not cause mammary development 
in three hypophysectomized guinea pigs injected for 10 to 25 days. 
One-tenth milligram daily of thyrotropic extract with and without 
estrogen did not cause development in a male and a female hypophy-
sectomized guinea pig after 20 to 30 days treatment. 
The mammary glands of five male and a female guinea pig with 
pituitaries removed showed no response after 25 to 30 days treatment 
with 0.05 to 0.1 mg. of adrenotropic extract daily. In two animals 
given 100 i. u. of estrogen daily in addition the nipples were markedly 
developed. Two males with incomplete operations similarly treated 
showed well developed nipples and extensive lobule proliferation. 
Lactogenic extract was negative on the mammary parenchyma in 
two female and a male hypophysectomized guinea pig when injected 
for 25 days at the rate of 10 to 40 mg. daily. In addition 100 i. u. of 
estrogen were given daily. A partially hypophysectomized animal 
similarly treated showed marked nipple development and extensive 
lobule-ah:eolar hyperplasia. 
Nelson (1937) found that pituitary extracts failed to induce any 
deYelopment of mamary glands in male or spayed female guinea pigs. 
The Dog.-Houssay (1935) reported that an alkaline extract of beef 
AP would produce milk secretion in clogs only if the glands were 
previously well developed. Immature males and females did not 
respond nor did others in which the mammary glands had regressed. 
No evidence of mammary gro·wth stimulation was observed in 
depancreatized dogs given lactogenic extract. Only pseudo-pregnant 
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dogs lactated after such treatment (Nelson, Himwich and Fazikas, 
1936). 
The hionkey.-No appreciable increase in mammary gland area 
occurred on injection of a crude alkaline AP extract (Parke-Davis) at 
the rate of four milliliters daily in two female monkeys. Treatment 
continued for 16 and 17 days (Aberle, 1934) . 
Allen, Gardner and Diddle (1935) reported that they obtained ex-
tensive response to lactogenic extract only in monkeys with fully 
developed mammary glands. If lobules ·were not present before in-
jection no lactation occurred. 
MATERIALS AND METHODS 
Preparation of Anterior Pituitary Tissue 
Fresh pituitaries in a frozen condition were obtained from a large 
packing plant in lots of from one to five pounds. The meninges and 
posterior lobes were removed in the laboratory. The anterior lobes 
were then weighed and refrozen as quickly as possible. 
The technique used in preparation of this material for implantation 
involved the maceration of 20 to 40 gram portions of frozen AP tissue. 
Small amounts of water were added during the process and the fine 
material put through a 100-mesh sieve. Fibrous material remaining 
after thorough grinding in a mortar was squeezed in a gauze bag to 
remove all the moisture possible and then discarded. The macerated 
material was diluted with distilled water to a concentration of 500 mg. 
of fresh tissue per milliliter of water and preserved by freezing. 
Dilution of materials for injection was made with sterile distilled 
water. The pH was adjusted to about neutral and a drop of phenol 
added as a preservative. 
Lipid extracts of AP were dissolved in a minimum of ether, raisin 
or olive oil carrier added, and the ether evaporated before a fan. That 
the oil carriers did not cause mammary stimulation in the male mouse 
is shown by a group of six mice given 0.15 ml. daily of raisin oil for 
six days. Ten mice given the same amount of olive oil daily were also 
negative. 
All mouse injections were made subcutaneously and once daily. The 
technique for preparation of the mouse skins and examination of the 
glands is that of Vintenberger (1925 ) and has been described by 
Turner and Gomez (1932) except that the use of potassium alum was 
omitted and the unmounted glands were examined under the dis-
secting microscope while differentiating in 70 per cent acid alcohol. 
Progynon B and Oreton were. kindly furnished by the Schering Cor-
poration. Korotron was contributed by the Winthrop Chemical Com.: 
pany. 
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Collection and Preparation of Individual Pituitary Glands 
Pituitary glands were collected from 545 cattle in a local packing 
plant for mammogenic assay. The procedure was followed as given by 
Reece and Turner ( 1937). The live weight was estimated by measure-
ment of the heart gidh from data published by Ragsdale and Brody 
(1935). 
Individual and small groups of pituitaries were thoroughly ground 
and put through an SO-mesh sieve without discarding any tissue. 
To transpose fetal development into terms of clays of pregnancy a 
compilation of fetal age-length data prepared by Turner (1939b) was 
used. Of course, development varies between different breeds of cattle, 
especially as between Jerseys and Holsteins. The estimate of the 
duration of pregnancy is therefore approximate. 
FACTORS AFFECTING PITUITARY SIZE 
The collection of a larg·e number of pituitaries from cattle has pro-
vided considerable data on pituitary size in relation to age, castration, 
pregnancy and lactation. 
Influence of Age 
The size and weight of the pituitary body differs, within the species, 
between individuals, and during different stages of the sexual cycle. 
Reece and Turner (1937) have brought together much of the available 
information on pituitary weights for different species of mammals. 
This material has been reanalyzed and presented in Table 1, to show 
the relation between pituitary weight and body weight. These data 
show that pituitary size in proportion to body size decreases consider-
ably as body weight increases with the species. The variation is from 
0.0068 per cent in the female albino rat to 0.00063 in the Holstein cow 
which was 3370 times as heavy. The mares reported in Table 1 are very 
light for that species, being smaller than the Jersey cows reported by 
Swett. Their proportional pituitary weight seems to be an exception to 
the rule. The trend also does not seem to hold within the dairy cattle 
breeds for .Ayrshire cows, medium in weight, have the lightest pitui-
taries in proportion to weight. Guernseys, being somewhat larger 
than Jersey cows, still have slightly heavier pituitaries proportionately. 
The heavy male Flemish rabbits, however, have considerably lighter 
glands than the small Polish breed. Males of the F 1 cross are inter-
mediate in pituitary weight. The reported pituitary weight for 54 
steers is very small compared with that of other cattle presented in 
Table 1. It agrees well, however, with the data obtained by Reece and 
Turner, who removed the membraneous covering of the gland before 
weighing. The 72 cow pituitaries weighed by these investigators 
average only 1.178 grams or 60 per cent as heavy as the 1588 pituitaries 
examined by others. 
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TABLE !.-RELATIONSHIP BETWEEN "WEIGHT OF THE PITUITARY AND BODY 
WEIGHT (Based on the summary of Reece and Turner, 1937) 
Sex 
Albino rat 
Female 
Male 
Average 
Norway rat 
Female 
Male 
Average 
Guinea Pig 
Female 
Male 
Average 
Rabbit 
Female 
Male 
Average 
No. of 
Indi-
viduals 
230 
60 
91 
123 
8 
12 
32 
45 
Rabbit-cleaned body weight 
Female 39 
Male 16 
Male (Flemish) 25 
Male (Polish) 16 
Male (F) 13 
Human-adult (estimated body weight) 
Female 93 
Male 112 
Average 
Horse· 
Female 
Cattle 
372 
Body 
Weight 
(gm.) 
170 
225 
251 
289 
422 
433 
1886 
2979 
2110 
1930 
2959 
1125 
2151 
60 ,000 
70,000 
336,000 
Pituitary 
Weight 
(mg.) 
11. 5 
7.5 
10.0 
8.4 
13.0 
12.5 
22.6 
24.3 
36.9 
28.8 
24.4 
14.8 
22.4 
619 .0 
527 
1840 
Female (Jersey) 
Female (Guernsey) 
Female (Ayrshire) 
Female (Grade) 
Female (Holsteip.) 
210 412 ,000 2820 
Male 
Female (nulliparous) 
Female (multiparous) 
61 449,000 3120 
41 492,000 2890 
66 505,000 3360 
185 573,000 3590 
(dressed carcass weight) 
246 330,400 2765 
55 237 ,600 2412 
148 243,600 2790 
Pitui-
taryWt. 
Body Wt. 
( % ) 
0.00630 
0.00340 
0.00510 
0.00430 
0.00290 
0.00340 
0.00310 
0.00270 
0.00290 
0.00120 
0.00082 
0.00101 
0.00180 
0.00150 
0.00083 
0.00130 
0.00100 
0.00103 
0.00075 
0.00089 
0.00055 
0.00068 
0.00070 
0.00039 
0.00067 
0.00063 
0.00084 
0.00100 
0.00120 
Male Proportional 
Pituitary Weight 
Female Proportional 
Pituitary Weight 
(%) 
50 
59 
67 
68 
83 
73 
84 
Gilmore (1939) found that proportional pituitary weight declines 
with age during the first year to 18 .months. 
There are two groups of cattle pituitaries in this study which show 
the influence of ag·e upon proportional pituitary size. Both beef steers 
and heifers have been divided into three classes, i.e., under 500 pounds 
live weight, 500 to 700 pounds, and over 700 pounds. In the heifer 
group there is a distinct tendency for the proportional pituitary and 
the proportional AP weight to decline with increase in weight (Table 
2). This tendency also holds true in the steer group when comparing 
steers weighing· under 500 pounds with those weighing 500 to 700 
pounds. It is interesting to note that the group of steers weighing 700 
pounds and over have the same proportional pituitary and AP weight 
as the group weighing 500 to . 700 pounds. 
Influence of Sex 
There has been some uncertainty as to the effect of sex on pituitary 
size within different species of mammals. The pituitary size of the 
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male and female albino rat remain nearly the same until puberty, 
according to Hatai (1913). At maturity the female gland weighs 75 to 
80 per cent more than that of the male. Hypophyses from male and 
female guinea pigs have been found to be approximately the same size. 
Weights of rabbit glands show no significant difference between the 
sexes, while Rasmussen (1921) found male woodchuck glands heavier 
than female. Wittek (1913) reported that until the age of four years 
there was no difference in weight between the glands of male and 
female cattle. In mature cattle the male glands were heavier. Reece 
and Turner (1937) found the hypophyses of heifer calves between 
four and ten months of age to be heavier than bulls and lighter than 
steers of the same age. At 11 to 23 months of age bull pituitaries were 
heavier than those from steers, while those from heifers were still 
lighter. 
Since the tendency in most species is for the male to be the larger 
it seems most logical to use for comparison the proportion of pituitary 
weight to body weight. As shown in Table 1, female rats, guinea pigs, 
rabbits, man, and cattle exceed the male considerably in weight of 
pituitary in proportion to body weight. The female albino rat has a 
proportional pituitary weight just twice that of the male. The females 
examined were, however, considerably less mature than the males. Data 
on the Norway rat show the proportional weight of the male pituitary 
to be only 59 per cent as large as the female. In other species reported, 
male proportional pituitary weight varies from 68 per cent of the 
female in the rabbit to 87 per cent in the guinea pig. The bull propor-
tional hypophyseal weight in the table is compared with nulliparous 
cows. The human cases in Table 1 were reported by Rasmussen. In 
spite of women averaging lighter than men, their pituitaries were 
found to be heavier. The body weig·hts of these cases were not reported. 
If they are assumed, however, to have been of average size such as 
70 kg. for the males and 60 kg. for the females, the pituitary body 
weight proportion for the males would be only 73 per cent as great as 
for the females. 
The 55 virgin cows which were examined by Wittek (1913), had 
pituitaries which were only 83 per cent as heavy in proportion to body 
weight as the 148 cows which had calved but were not pregnant when 
examined. The proportional pituitary weight of the bulls examined 
by ·the same investigator was only 70 per cent as large as for the 
multiparous cows. 
The bulls in this study were quite small. Dairy bulls had a somewhat 
larger proportional pituitary weight than beef bulls but this may be 
due to the smaller size of the former for proportional pituitary weight 
tends to decline with age (Table 2). 
TABLE 2.-ABSOLUTE AND PROPORTIONAL WEIGHTS OF CATTLE PITUITARIES COLLECTED LOCALLY. 
Group 
P·regnant females : 
Dairy heifers ...•.......•..........•.... . 
Dairy cows ..... . ................ ... ....• 
Beef heifers . ...• •. ....... . . .. . . . ..... . . . 
Bee'f. cows .................... . ...... ... . . 
Number 
of 
Glands 
9 
16 
41 
22 
Fetuses .. .. .......... . . . ... ...... .. . ..... . . . . 42 
::N"on-pregnant females: 
Dairy heifers .. .... ........ • . .• .......... 
With corpora, dry ......... . ......... _. 
Dairy cows . ..... .. .... . ..... ..... ...... . 
With corpora, milking .. . .. . . ... .. . .. . 
With corpora, dry .. . .... . .. . ........ . 
With follicles . . ........ ... ... . ... ... . 
Beef cows . ...... . .... ... • . .. .... •. .•.... 
With corpora ...... . . . . • . . . . . . ... . .. . 
With follicles .... ; •. .. ... . . . .. . . •. . .. Beef heifers 
Under 500 lbs . . ... • ........ . ... .•.. . . 500 to 700 lbs. . ... . . . .. . ... . . , ....•.. . 
Ovo'r 700 lhs. . .. .................. . . . 
Bulls: 
Dairy ........ .. .. . .....• . ..... .. ........ . 
Beef .................................... . 
Steers: 
Da iry .. . ... . . .. .. . .... . .. . ...... , ...•... Beef 
Under 500 lhs ... .. ....... .. .... .... .. 
500 to 700 lbs .............. .. ...... .. 
Over 700 lbs. . ..... • ...... . •..•.... .. 
*Stanc;lar<l <l~vi!!tion, 
5 
3 
17 
9 
5 
3 
1R 
15 
3 
54 
98 
61 
5 
17 
6 
17 
51 
37 
Body 
Weight 
(lbs.) 
902±206.7* 
927±147.6 
692±120.2 
1043± 128.7 
621±269.5 
836±0 
911±154.3 
941±199.5 
898±130.0 
874±294.5 
973±123.9 
972±133.9 
974± 49.4 
408± 64.4 
572± 54.6 
748± 46.0 
342± 176.4 
527±127.9 
461± 41.4 
436± 36.0 
676± 50.7 
743± 59.3 
Mean Wt. 
Pituitary 
(gm.) 
1.3089±0.272* 
2.3504±0.525 
1.1742±0.301 
2.1953± 0.469 
0.1090 
1.1873±0.314 
1.4271±0.095 
2.3345±0.768 
2.5786±0.801 
2.2544±0.353 
1.6710±0.443 
2.0402±0.452 
2.0868± 0.495 
1.8072± 0.276 
0.8634±0.159 
0.9535±0.177 
1.1377±0.287 
0. 7225±0.248 
1.0127± 0.217 
0.9546±0.141 
0.8759± 0.219 
0.8228± 0.179 
1.0905±0.247 
Pitui-
tary Wt. 
Body Wt. 
(o/c) 
0.00032 
0.00056 
0.00038 
0.00046 
0.00042 
0.00038 
0.00056 
0.00060 
0.00056 
0.00042 
0.00046 
0.00047 
0.00041 
0.00046 
0.00037 
0.00033 
0.00046 
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0.6734±0.125 
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The proportional pituitary weight of dairy bulls was the same as 
that of beef heifers under 500 pounds weight. Beef bull pituitaries 
were somewhat larger proportionally than those of beef heifers 500 to 
700 pounds live weight. 
The bull proportional pituitary weight was considerably lower than 
those of the pregnant and non-pregnant dairy cow groups but com-
pared favorably with that of dry dairy cows in the follicular stage of 
the estrous cycle. 
Influence of Castration 
Wittek (1913) found an increase in pituitary size on castration in 
cattle when comparison was made per unit weight of the dressed 
carcass. Reece and Turner (1937) found that steer pituitaries were 
larger than those from bulls at four to 10 months of age. At 11 to 23 
months of age the pituitary weights were almost identical. The data 
obtained in this study also showed little if any difference in propor-
tional pituitary weight due to castration in the male (Table 2). 
Influence of Pregnancy 
The proportion of pituitary weight to body weight has also been 
calculated for the female cattle in this study (Table 2). Pregnant 
and non-pregnant dairy cows have the largest proportional pituitary 
weight (0.00056%) of any of the groups. 'l'he fact that the figures in 
the two groups of dairy cattle are identical indicates that pregnancy 
in the cow does not cause a change in pituitary weight. This is sup-
ported by the fact that the proportional pituitary weights of both 
pregnant and non-pregnant bee£ cows are the same ( 0.00046%). More-
over, the proportional pituitary weight of non-pregnant dairy heifers 
is greater than that of pregnant dairy heifers (0.00042% and 
0.00032%, respectively). The former group is considerably heavier 
than the latter. As shown in the three classes of non-pregnant beef 
heifers, the proportional pituitary weight tends to decrease with in-
creasing weight. Reece and Turner (1937) also found no increase in 
pituitary weight with pregnancy. 
Influence of Lactation 
The great increase in absolute and proportional pituitary weight in 
parous over nulliparous cattle must occur during lactation. The 
pregnant dairy heifers, which had neYer lactated, were on an average 
almost as heavy in body weight as the pregnant dairy cows yet their 
pituitaries weighed only 51 per cent as much. This difference is highly 
significant statistically. 
Although proportional pituitary weight tends to decline with age 
in virgin cattle this figure is considerably lower in pregnant beef 
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heifers than in pregnant beef cows. The same is true when non-
pregnant beef heifers, except the smallest group, are compared with 
non-pregnant beef cows (Table 2). 
The comparative uniformity of the AP proportional weight, except 
in the non-pregnant dairy cow and beef cow groups, indicates that 
this permanent increase in proportional pituitary weight of parous 
over nulliparous cows occurs mostly in the posterior lobe (pars 
neuralis and intermedia). During lactation pituitrin from this portion 
of the pituitary is active in causing the squeeze or forcing down of 
milk at milking time or during suckling. This may have some effect 
on the increase in size of this lobe which then appears to remain hyper-
trophied. 
The high proportional anterior pituitary weightof the non-pregnant 
dairy cow group is due mostly to those in mille The proportional AP 
weight of nine dairy cows of this group which had corpora in the 
ovaries and were milking when slaughtered is 0.0005 per cent of the 
body weight. This is much above the proportional AP weight of all 
other classes of cattle studied. The same figure for five non-pregnant 
dairy cows with corpora but dry is 0.00043 per cent and for 18 similar 
beef cows is 0.00040 per cent. Three dairy cows with follicles alone in 
the ovaries had an AP weight which was only 0.0003 per cent of body 
weight while three similar beef cows also had a lower proportional 
weight. There seems to be considerable hypertrophy of the AP lobe 
during the luteal stage of the estrous cycle compared with the follicular 
stage and further increase in size during lactation. This hypertrophy 
of the AP lobe appears to subside when the cause is removed. 
Weights of Rabbit Glands 
The weig·hts of the cleaned thyroids and adrenals as well as of the 
entire pituitaries and the AP lobes from 55 pregnant or pseudo-
pregnant female rabbits were recorded. Similar data from 135 males 
obtained in a study of the mammogen content of rabbit anterior 
pituitaries were secm·ed. The assay of these glands is reported in the 
experimental section. All the rabbits weighed between five and seven 
pounds and all were of the white New Zealand breed. 
The pituitaries and anterior lobes were weighed to 0.05 mg. on a 
precision balance and other organs to 0.1 mg. In case the glands are 
paired, the weight given is the average of the two glands. 
Whole Pituitary Weight.-The mean weight of the female rabbit 
pituitaries was found to be 29.80 mg., which is 0.00099 per cent of the 
mean body weight (Table 3). This is somewhat less than the pro-
portional pituitary weight of 32 does given in Table 1 which averaged 
1882 grams body weight. The does in this study had a mean body 
weight of three kilograms. 
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The 132 pituitaries obtained from males averaged 25.07 mg. This 
is 84 per cent of the female pituitary weight and 0.00092 per cent 
of the live body weight. The difference between mean weights of 
groups is not statistically significant. 
Anterior Pituitary Weight.-The AP lobes of the female rabbits 
averaged 19.91 mg. This is 0.00067 per cent of the mean body weight. 
TABLE 3.-WEIGHTS OF GLANDS FROM MALE AND FEMALE RABBITS. 
Group 
Females: 
Number 
Indi-
viduals 
Body 
Weight 
(lbs.) 
Thyroid** 
Weight 
(mg.) 
Adrenal•• 
Weight 
(mg.) 
10 days pseudo-pregnant 13 6.50 76.50± 7.75* 174.00±60.00* 
10 days pregnant . . . . . 32 6.70 58.66±11.40 157.61±88.30 
15 days pregnant . . . . . 10 6.20 89.93±19.66 116.90±28.98 
Mean . . . . . . . . . . . . . 55 6.60 66.91 148.21 
Males (injected with estrone at the following rates daily for ten days) : 
300 i. u. . . . . . . . . . . . . . . 29 6.00 72. 71±25.83 122. 74±38.01 
5.00 i. u. . . . . . . . . . . . . . . 28 6.30 79.42±20.08 137.28±61.10 
700 i. u. . . . . . . . . . . . . . . 23 5.60 86.07±24.26 138.20±58.65 
1000 i. u. . . . . . . . . . . . . . . 37 6.00 60 . 51±20.98 121.42±53.76 
1200 i. u. . . . . . . . . . . . . . . 17 5.80 65.16±21.61 141.15±78.18 
Mean . . . . . . . . . . . . . 134 6.04 72.70 134.35 
*Standard deviation. 
**The weight given is based on the average of paired glands. 
Pituitary 
Weight 
(mg.) 
33.00±6.68* 
30.21±6.63 
29.65±4.20 
29.80 
23.86±5.63 
26.17±5.60 
25.83±4.73 
24.63±6.31 
25.38±6.22 
25.07 
Anterior 
Pituitary 
We'ight 
(mg.) 
19.01±5. 79* 
20.43±6.63 
19.77±2.68 
19.91 
16.21±4.05 
17.16±4.57 
16.92±4.22 
15.52±3.80 
18.76±4.02 
16.66 
The AP of the males, weighing 16.66 mg·., were only 83.6 per cent as 
heavy. In both cases the AP lobes were about two-thirds of the entire 
pituitaries. 
Thyroid Weight.-There was considerable variation in thyroid 
weight between groups and individuals in a group as shown by 
standard deviations. Environmental temperature is known to affect 
thyroid activity and weight. These organs were collected over a nine 
months period including all seasons. It is curious, however, that the 
mean male thyroid weight should increase gradually upon injection of 
300, 500, and 700 i. u. of estrone and then decline at 1000 and 1200 i. u. 
There is even more variation between the three groups of females than 
in the male groups. The difference in thyroid weight between the 
group given 700 i. u . of estrone and the group g·iven 1000 i. u. is 
statistically significant as is the difference between female groups. 
This difference is difficult to interpret, however, because the glands 
were collected over a considerable time and temperature range. 
Adrenal Weight.-'l'here was a grea:t deal of individual variation 
in adrenal weights but the group means were more consistent than 
with the thyroid. Female aclrenals appear to be heavier than those of 
males. But for the low mean of the 15 day pregnant group, the 
difference would have been greater. 
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ANATOMY OF THE MAMMARY GLANDS OF THE MOUSE 
In searching for a laboratory animal which would be suitable for 
measuring the threshold of mammary growth stimulation, considera-
tion was given to the type of gland and normal development of a 
number of laboratory mammals. The rudimentary character of the 
mammary apparatus in the male mouse throughout life together with 
its small body size suggested its suitability as an assay animal. Ex-
tensive study has supported this idea and many male albino mice 
have been examined. At this point it was thought desirable to describe 
briefly the anatomy of the mammary glands of the mouse and to 
present data secured in a study of the mammary rudiments on the 
number, occurrence of supernumeraries and of teats in over 2600 male 
mice. 
The Female Mouse 
The mammary apparatus of the female albino mouse normally 
consists of :five pairs of glands (Turner and Gomez, 1932). An ab-
dominal pair present in the rat is not present in the mouse. The 
teats in the female are located in two V-shaped areas. The three 
thoracic pairs form a V pointing cephalad. The V formed by two 
posterior pairs -points caudad. Schickele (1899) reported that 87 per 
cent of female albino mice had 10 nipples, 7.2 per cent had nine, and 
1.5 per cent had 12, 11, 8 and 7 nipples each. From tabulation of the 
nipples of 15 female mice, Turner and Gomez (1932) found that 97 
per cent had 10, 1.9 per cent had 11, and one had 12 nipples. 
The growth of the duct system during the prepubertal period is 
only sufficient to keep pace with general body growth (Turner and 
Gomez, 1932). At the approach of puberty, however, the mammary 
ducts begin to grow and proliferate. Further growth occurs at each 
estrum until at maturity the duct systems cover most of the ventral 
thoracic and inguinal regions. 
The Male Mouse 
The mammary glands of the male mouse are located, when present, 
in the same position as the base of the teats of the female. They do not 
develop, however, as in the female. Turner and Gomez (1932) reported 
that the mammary glands of the male albino mouse remain rudimen-
tary throughout life. Gardner et al. (1934) noted that the mammary 
rudiments removed from male mice from 12 to 15 days of age were 
as well developed as those removed from normal males under 100 
days, over 200 days, and over 700 days old. Since the experiments 
reported later deal with the young .male mouse (15 to 25 gm.) it 
seemed well to investigate the influence of this period on the glands. 
Examination of 164 normal control male mice showed no rudiments 
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consisting of more than a few primary ducts with perhaps a few 
short side stubs. These glands varied in length from 0.4 to 5.0 
mm. with an average of thoracic, sternal and abdominal pairs of 
1.2 mm. Examples of such control glands are shown in Fig. 4. That 
within this weight range, at least, sexual maturity has no influence 
upon the length of the glands, is shown by a coefficient of correlation 
based on 117 mice of -0.0035 + 0.093 between the weight of these 
mice and the average length of the glands in the above three pairs. 
The nomenclature adopted for identification of the pairs of glands 
has been, anterio-posteriorly: cervical, thoracic, sternal, abdominal 
and inguinal (Fig. 1). 
THORACIC 
ABDOMINAL 
Fig. 1.-The nomenclature and location of mammary glands in 
the male mouse. 
Gardner (1935) reported that male albino mice, from L. C. Strong, 
had a maximum of eight rudimentary mammary glands. In only 
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nine of the 30 mice examined were eight glands found. Seven glands 
were found in five cases, six in seven, five in four, and four or less in 
five cases. The third pair (sternal) was most often missing. 
It has been found advantageous in this study to tabulate each 
rudiment as found for future reference, as a check on the technique 
of preparation of the skins and as a spur to careful examination ot 
the tissue. Due to their small size, a few being only 0.4 mm. long, 
and their placement in fatty pads, some rudiments were difficult to 
:find. Although injections were made dorsally, when large amounts 
of tissue were administered or oil was used as a carrier there was a 
tendency to obscure the gland rudiments. There is usually no teat 
with which to trace the gland. There are also difficulties in prepara-
tion of the glands for examination which involve removal of the 
subcutaneous tissue in which the glands are located. It is, therefore, 
believed that the frequencies observed are somewhat below the true 
values. 
The 2682 mice tabulated have been separated into two groups. One, 
called negative, is composed of 1965 mice which had entirely un-
stimulated, rudimentary glands. The other group, called positive, is 
'composed of 717 mice which had one or more glands experimentally 
stimulated to various degrees of development (Tables 4 and 5). 
Stimulated glands are easier to find than normals so the positive group 
should serve, somewhat, as a check on the results. 
It is interesting to note that in contrast to the report of Gardner 
(1935) more than eight mammary rudiments were found in 21 per cent 
of these mice. Eight rudiments was the modal number found oc-
curring in 38.2 per cent of the total cases and 42.1 per cent of the 
experimentally stimulated animals. In 23.7 per cent seven rudiments 
were found and six or less in 16.7 per cent of the cases. Nine rudi-
ments were found in 15.4 per cent, ten in 4.5 per cent, 11 in one per 
cent, and 12 rudiments in nine cases, 14 in one case. 
TABLE 4 .-NUMBER OF MAMMARY GLAND RUDIMENTS FOUND IN 2682 MALE 
ALBINO MICE. 
Total Number of Rudiments Observed Per Animal Total 
4 5 6 7 8 9 10 11 12 14 Mice 
Normal Animals (Negative) 
Frequency 16 83 257 466 724 304 85 19 8 1 1965 
Percentage' 0.8 4.2 13.1 23.7 36.8 15.5 4.3 1.0 0.4 .05 
Experimentally Stimulated Animals (Positive) 
Frequency 4 19 68 172 302 108 36 7 1 717 
Percentage 0.6 2.7 9.5 24.0 42.1 15.1 5.0 1.0 0.1 
Total Animals 
Frequency 20 102 325 638 1026 412 121 26 9 1 2682 
Percentage 0.7 3.8 12.1 23.8 38.2 15.4 4.5 1.0 0.3 .04 
Nineteen per cent of these 1p.ice were found to have supernumerary 
rudiments. This is considerably lower than the number of cattle found 
co 
0 
TABLE 5.-NUMBER AND PERCENTAGE OF RUDIMENTS FOUND IN EACH REGION IN 2682 
MALE ALBINO MICE. 
Glands Cervical Thoracic Sternal Abdominal Abdominal Inguinal ~ per Glands Glands Glands and Inguinal Glands Glands H 
Region No. % No. % No. % No. % No. % No. % Ul Ul 
0 
Normal Animals (Negative) q 
0 144 7.3 31 1.6 6 0.3 14 2.2 28 2.1 1202 90.3 ~ 1 495 25.2 234 11.9 111 5.7 51 8.1 149 11.2 107 8.0 P> 2 1263 64.3 1677 85.4 1725 89.2 396 62.6 947 71.1 22 1.7 3* 60 3.1 23 1.2 94 4.8 144 22.8 179 13.4 1 0.1 Q 
.t• 3 0.2 2 0.1 25 4.0 25 1.9 ~ .. .. .. H 5* .. .. .. . . .. 3 0.5 2 0.2 .. 0 6* .. .. .. .. .. .. . . 1 0.1 q 
7* .. .. .. .. .. .. 1 0.1 .. t' 8 
-- -- - - -- - - - - q Total 1965 1965 1965 633 1332 1332 ~ Experimental Stimulated Animals (Positive) 
"" 
0 36 5.0 8 1.1 3 0.4 8 2.4 7 1.8 348 91.3 t' 1 138 19.2 42 5.9 36 5.0 24 7.2 45 11.8 27 7.1 l:;j 2 532 74.2 658 91.8 658 91.8 217 64.6 277 72.7 6 1.6 a• 11 1.5 9 1.3 20 2.8 75 22.3 38 10.0 .. 1>4 4* 10 3.0 13 3.4 'il .. .. .. .. . . .. .. t;j 5* .. .. 2 0.6 1 0.3 . . .. ~ 
-- -- - - - - -- - -
H 
Total 717 717 717 336 381 381 ~ Normal and Stimulated Anima]s Combin ed trl 
0 180 6.7 39 1.5 9 0.3 22 2.3 35 2.0 1550 90.5 z 1 633 23.6 276 10.3 147 6.6 75 7.7 194 11.3 134 7.8 8 2 1795 66.9 2335 87.1 2410 90.0 616 63.6 1224 71.5 28 1.6 U2 3* 71 2.6 32 1.2 114 4.2 216 22.3 217 12.7 1 0.1 8 4* 3 0.1 .. .. 2 0.1 35 3.6 38 2.2 .. II> 5* 5 0.6 3 0.2 8 .. .. .. H 6* .. .. .. .. .. 1 0.1 .. 0 7* .. .. .. .. .. 1 0.1 .. z 
-- --
- - --Total 2682 2682 2682 969 1713 1713 
*Cases listed with more than 2 glands in a region indicate the occurrence of supernumerary rudiments. 
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with supernumerary teats (22 to 55 per cent) by several investigators 
(Turner, 1939b). Fifteen per cent of the mice had one supernumerary 
rudiment, 3.7 per cent had two, 0.6 per cent had three, 0.15 per cent 
had four and .07 per cent had five such rudiments. 
Considering the distribution of the rudiments among the five pairs 
of glands commonly present in the female mouse it was found that 
in 6.7 per cent of the cases no cervical glands were located (Table 5) 
and only one in 23.6 per cent, while 66.9 per cent had the normal 
two rudiments. In 51 per cent of the cases where a cervical gland was 
missing the area where the gland should have been was present and 
clear so that if the gland anlagen had been there it should have been 
easily found. Seventy-one mice, 2.6 per cent, had three cervical rudi-
ments indicating a supernumerary, and in four cases there were two 
extra cervical rudiments. 
In only 1.5 per cent of the mice were no thoracic rudiments found 
and only one in 10.3 per cent; 87.1 per cent had two. Only eight per 
cent of those missing were lost with the tissue of that area or were 
obscured. In 32 cases three thoracic rudiments were found, giving a 
supernumerary frequency of 1.2 per cent. 
Even fewer sternal glands were missing for o1.1ly in 0.3 per cent of 
the cases were none found; one rudiment in 5.5 per cent; and the 
normal two rudiments in 90 per cent. Seven per cent of the missing 
rudiments were lost with the tissue or were obscured. In 4.2 per cent of 
the mice there were three sternal rudiments and in two cases there were 
four. 
The abdominal and inguinal rudiments of the first 969 mice were 
tabulated together beca\ISe of the few rudiments found where the 
inguinal teats occur in the female and the large number of super-
numerary rudiments found adjacent to the abdominal glands. In this 
first group of abdominal-inguinal glands, in 2.3 per cent of the mice 
no such rudiment was found; one rudiment in 7.7 per cent; two in 
63.6; three rudiments in 22.3; four in 3.6 per cent; and five in five of 
the mice. 
The abdominal and inguinal rudiments of the last 1713 mice were 
tabulated separately. In two per cent of the mice no abdominal 
rudiments were found, while one rudiment )vas located in 11.3 per 
cent and the normal two in 71.5 per cent of the mice. Three rudiments 
were present in the large proportion of 12.7 per cent while two super-
numeraries were found in 2.2 per cent. Three mice had five abdominal 
rudiments. In the two mice found ·with six and seven rudiments 
in this area the gland anlage appeared to have developed from frag-
mented normal rudimentaries rather than being distinct entire rudi-
ments as in most of the other cases of supernumeraries. 
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The area where the abdominal rudiments are found was not com-
monly lost in preparing the tissue for examination but injected tissue 
or extracts sometimes obscured the area. In about 60 per cent of the 
cases of missing rudiments the circumstances were favorable for find-
ing glands. 
Fig. 2.-Supernumerary mammary rudiments from male mice. They were located close 
together and had the characteristics of distinct rudiments. Two have end-buds showing 
growth due to injections. One specimen shows three rudiments. (X8.5). 
The scarcity of inguinal glands found is surprising. In 90.5 per 
cent of 1713 mice no rudiments were found in this area, one rudi-
ment in 7.8 per cent and two in only 1.6 per cent. The number of mice 
with supernumerary rudiments in the abdominal region is large, 15.1 
per cent. Even if it could be imagined that inguinal rudiments had 
shifted anteriorly in embryological development, the distance to the 
abdominal pair is 0.5 to 1.5 em. in the adult, adding this 15 per cent to 
the number of inguinal glands found would not bring the number up 
to that found in other pairs. 
It is doubtful if any larger proportion of inguinal rudiments were 
missed than of cervical rudiments. The area is more easily preserved 
and the skins were removed at the tails. The obvious conclusion is that 
most of the male mice of this strain have lost their inguinal rudiments. 
The Occurrence of Teats in Male Albino Mice 
A number of investigators have stated that the male mouse is without 
teats (Gardner, 1935; Turner and Gomez, 1932; Turner, 1939). This 
statement appears to be relatively but not entirely true. In the present 
study over 800 male mice were examined before any was recognized 
as having teats. Within the next 1800 mice, 23 cases were observed 
in which one to several teats were present. The nipples were found 
after routine preparation of the subcutaneous tissue for examination 
during which it was carefully scraped from the fixed mouse skins. 
This tended to remove the external part of the nipples, cutting in 
cross section, but where found in male mice they resembled teats of 
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Fig. 3.-Examnles of teats from male mice. Although smaller, they resembled teats 
from female mice obtained under similar circumstances. Compare with Fig. 15. Also 
included are glands with large t eat ducts but no teats. Such glands in control mice are 
often equal to + 2 or 3 stimulated glands. Unner 4 glands ( X8.5), lower three (X6.4). 
female mice removed under similar circumstances (Fig. 2). In some 
cases male teats appeared to be only partially developed. There was no 
doubt that these were from male mice for either a testicle or the 
preputial gland was removed at autopsy and was preserved with the 
skins. Furthermore, although the glands with teats were usually over-
developed for male mouse rudiments, there were also present in each 
case normal m:ale rudiments witho.ut nipples. :,; 
There were also found a number of" mice which . did not have teats 
but did have the enlarged main duct such as in female mice leads to 
the nipple. 
EXPERIMENTAL RESULTS 
Many experiments with ovarian hormones firmly established that 
these hormones play a part in the growth of the mammary gland. 
Estrogen caused duct hyperplasia and estrogen plus progestin were 
found to cause lobule-alveolar development in most species studied .. 
Trial of ovarian hormones in hypophysectomized animals, however,. 
upset the assumed primary role of the ovarian hormones in mammary· 
growth and showed that their action must be indirect by way of the· 
pituitary. Ovarian hormones presumably cause development in the: 
AP lobe of factors which then directly cause mammary hyperplasia. 
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Corner (1930) and others found that some AP preparations had the 
property of causing mammary growth but the factor was illusive. 
Gomez and Turner ( 1937) established that pituitaries from pregnant 
cattle and from rats treated with estrogen contained a mammary 
growth entity. The latter authors also reported that concentrated 
fractions of known hormones from AP tissues were ineffective. They 
then (1938) postulated the presence of a new entity, called mammogen, 
in the anterior pituitaries of pregnant and estrogen treated animals 
which was directly responsible for mammary hyperplasia. 
The purpose of this section is to report the results of continued in-
vestigation on the mammogenic hormone. 
Development of an Assay Technique for the Mammogenic 
Duct Growth Factor 
The Suitability of the Male Mouse.-In initiating this work it was 
necessary first to determine the suitability of the male mouse as an 
assay animal for the duct growth factor of the AP lobe. 
In testing ·AP tissue for its content of mammogen it was necessary 
to be assured that other components of the pituitary tissue would 
not directly or indirectly stimulate mammary growth in the normal 
male mouse. Such tissue is presumably rich in gonadotropic hormone 
which might act upon the testes causing an increased production of 
androgen. 
a b c d e 
Fig. 4.-Examples of normal control mammary rudiments from male albino 
mice, 0.4 mm. to 5.0 mm. in Jen10tth. a . Cervical; b. thoracic; c. sternal ; 
d. abdominal ; and e. inquinal. ( X6.) 
A number of r eports showing that certain androgens will stimulate 
growth of the mammary glands of male rats and guinea pigs have been 
published. Such glands, howeYer, cleYelop to a considerable extent in 
the normal animal. When these experiments were initiated no case of 
mammary development in male mice with androgens had been reported. 
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Since that time H euverswyn, Folley and Gardner (1939) have re-
ported positive results. 
Urinary gonadotropic hormone (Korotron) was injected at the rate 
of 560 r. u. per mouse over a 14 day period. Five mice gave entirely 
negative results in mammary stimulation (Table 6) . Similar results 
were secured with three mice injected over the same period with a total 
of 280 r. u. per mouse. 
TABLE 6.-RESULTS OF INJECTION OF MALE ALBINO MICE WITH GONADO-
TROPIC AND ANDROGENIC HORMONES. 
No. Days Posi-
of In- Dosage tive 
Preparation Mice jected Daily Total Results % 
Urinary gonadotropic 5 14 40 r. u. 560 r . u . O+, 5- 0 
hormone (Korotron) 3 14 20 r. u. 280 r. u. o+. 3- 0 
Testosterone •2 8 0.1 mg. 0.8 mg. 0+. 2- 0 propionate ' 2 16 0.1 mg. 1.6 mg. O+, 2- 0 (Oreton ) 2 25 0.1 mg. 2.5 mg. 2+, 0- 100 
•2 8 0.2 mg. 1.6 mg. o+. 2- 0 
2 16 0.2 mg. 3.2 mg. O+, 2- 0 
2 25 0.2 mg. 5.0 mg. 2+, 0- 100 
4 5.1 mg. o+. 4- 0 
Dehydro-androsterone 14 
*Conducted by Dr. E . T. Gomez. 
1.0 mg. 7+ . 7- 50 
A group of six male mice was injected subcutaneously with 0.1 mg. 
of testosterone propionate (Oreton) in olive oil. A second group of 
six mice was given twice as much daily. Two animals from each group 
were killed on the eighth, 16th, and 25th days. There was no evidence 
of mammary stimulation in the groups sacrificed on the seventh and 
15th days. The mice given 0.1 mg. daily and sacrificed on the 25th day 
showed slight arborization of the duct system with distension of the 
distal ends of the primary and secondary ducts. The two mice which 
received 0.2 mg. of Oreton daily showed further extension of the main 
and secondary ducts. The extent of this gwwth is similar to that 
obtained after the 10 day injection of theelin in male mice and also 
like that shown in Fig. 6. 
Four mice given 5.1 mg. total of testosterone propionate in six days 
showed no stimulation of the mammary rudiments. On the other hand, 
one milligram of dehydro-androsterone in oil was sufficient to cause 
50 per cent of 14 mice to show definite signs of growth stimulation in 
six days (Table 6) . It is evident from the above results that injection 
of urinary gonadotropic hormone did not influence the growth of the 
glands following 14 daily injections with large dosage. Testosterone 
propionate did not influence the growth of the gland rudiments in less 
than 25 days of injection. Dehydro-androsterone was effective, how-
ever, in six days at a dosage much above the content of normal bod~­
fluids. 
Estradiol benzoate (Progynon B) was injected into three groups 
of five mice each and one of ten at the rate of 100 i. u. a day for 
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Fig. 5.-Mammary glands from a heavily stimulated male albino mouse in-
iected during 6 days with 120 mg. of fresh prephypophyseal tissue from pregnant 
cattle. Even more difference in stimulation betw<!En glands on the same animal 
is often found. Usually some rudiments do not respond. (X7) . 
Fig. 6.-Early stages of mammary gland growth in male albino mice unde"r 
the stimulation of mammogen from pregnant cattle prehypophysis. Large, 
dark staining end-buds, thickened ducts and proliferation of ducts are apparent. 
One such gland obtained from an animal is sufficient evidence of m ammary 
growth stimulation. Upper row-plus one glands. Lower row-plus two 
glands. (X S). 
four, six, eight and ten days. The total dosage of 400 to 1000 i. u. a 
day gave definite signs of mammary proliferation. The response of 
ten mice to 600 i. u. was good. Seven of the mice showed definite 
signs of mammary growth stimulation. The effect appeared to be 
quite generalized, glands showing more uniform development than in 
positive results secured with AP tissue or extracts from pregnant 
cattle. 
The use of castrated male mice was then ·investigated by comparing 
the response of such males to pituitary tissue containing mammogen 
RESEARCH BuLLETIN 310 37 
with that of normal males (Table 7). Two castrate mice were injected 
for three days with a total of 90 mg. of fresh AP from pregnant cattle. 
On autopsy, one animal had two glands showing slight proliferation. 
Seven castrates injected for four days with a total of 120 mg. of 
tissue gave two positive and one questionable cases. This compares 
favorably with the dosage required for a 50 per cent response with 
normal males. The six day injection of 180 mg., however, resulted in 
only one definitely stimulated mouse and one questionable out of four, 
whereas with normal males 105 mg. were found sufficient in six in-
jections. 
TABLE 7.-THE REPONSE OF CASTRATE MICE TO FRESH PREHYPOPHYSES FROM 
PREGNANT CATTLE. 
Number 
of Dosage Per cent 
Group Mice Injected mg. Results Positive 
Castrate 2 3 90 1+, 1- 50 
7 4 120 2+. 4-, 1? 33 
4 6 180 1+. 2-, 1? 33 
19 6 90 8+. 11- 44 
Normal 10 6 90 5+, 5- 50 
Twenty-nine male mice were given subcutaneous implantations of 
90 mg. each of another lot of fresh AP tissue from pregnant cattle 
during six days. Nineteen of these were castrates and ten were normal. 
Eight, 44 per cent, of the castrates had from one to several gland 
rudiments showing distinct signs of hyperplasia while hal£ of the 
normal controls were similarly affected. This difference is within 
the limits of normal variation. 
The use of normal male mice rather than castrates seems justified 
for assay purposes. Since some question may remain, however, as 
to the supplementing effect of testicular hormones in the normal male 
mouse, it is suggested that castrates may be used, if desired, in their 
stead. 
The Response of Mice to Varying Dosages of Mammogen.-The 
following experiments were conducted to determine a suitable assay 
technique using the normal male mouse. 
Groups of four mice were implanted with 20 mg. each daily of 
fresh AP tissue from cows pregnant less than 140 days. Injection 
during four, eight, and ten days resulted in a gradually increasing 
percentage response (25 to 100 per cent) as well as more heavily 
stimulated glands (Fig·. 6). 
Three groups of four mice were each given daily 22.25 mg. of fresh 
AP tissue from cattle of unknown stages of pregnancy. The groups 
were sacrificed after five, seven and nine injections. Two mice in each 
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of the first two groups showed definite signs of mammary growth. 
Those injected seven days had some·what greater development of 
rudiments with enlarged end-buds. The third group injected nine 
days had three mice showing definite signs of mammary development 
(Table 8). One mouse in this group showed a very strong response 
with glands comparing favorably with those of pubertal females of 
the same age (Fig. 7). 
TABLE 8.-THE RESPONSE OF MALE MICE TO FRESH ANTERIOR LOBE TISSUE 
FROM PREGNANT CATTLE. 
No. Days Dosage 
of In- ( mg.) Positive 
Preparation Mice jected Daily Total Results % 
Fresh early preg- 4 4 20 80 1+. 3- 25 
nancy anterior 4 7 20 140 2+. 2- 50 
lobe', 17 4 10 20 200 4+. 0- 100 
Lot I 4 5 22.25 111 2+. 2- 50 
4 7 22.25 156 2+. 2- 50 
4 9 22.25 200 3+ . 1- 75 
Lot I 4 3 44.5 133 o+. 4- 0 
4 4 44.5 178 2+. 2- 50 
4 5 44.5 223 4+, 0- 100 
Lot I 4 6 94 1+. 2-, 1? 25 
10 6 105 5+. 5- 50 
4 6 115 2+, 2- 50 
Lot II 3 6 96.5 1+. 2- 33 
4 6 108 2+, 1-, 1? 67 
4 6 120 3+, 1- 75 
4 6 125 2+. 2- 50 
3 6 133 O+ . 3- 0 
The next experiment was arranged to sho·w the results of injecting 
twice the amount of material per day, as in the previous experiment, 
but for a shorter time. Four mice administered 44.5 mg. a clay for 
three days showed no development of mammary rudiments over con-
trol glands. In a second group of mice injected for four clays, two 
mice showed a positive response. After five daily implantations 
(223 mg. total ) all four mice of a third group had from one to 
several glands ·with definite signs of proliferation (Fig. 6). The r e-
sults for both four and five days of injection were similar but the 
dosage required was 178 mg. per mouse in four clays. This total 
dosage ·was considerably higher than the dosage required for a sim-
ilar response in fiye days in the previous experiment. 
The above experiments showed that mammary gro·wth could be 
obserYed after four days injection. By extending the period to five 
days the dosage required was considerably reduced. It was thought 
that extending the injection period to six days would still further 
reduce the dosage required and yet not cause too great an extension 
of the assay period. Four groups of mice were implanted with a 
total of 96.5, 108, 120, 125 and 133 mg. each, respectively, during 
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six clays. The response, even with these small groups, was well graded 
(Table 8) in the first three groups where responses of 33, 67, and 75 
per cent were secured. The response of the fourth group declined to 
50 per cent while none of the mice given 133 mg. responded. 
In a second experiment for the same period with another lot of 
pituitaries from pregnant cattle in which increasing dosage was given, 
a 50 per cent response was obtained ·with 105 mg. (Table 8). It 
is interesting to note that two different lots of mixed pituitaries re-
ceived at different times produced a 50 per cent response ·with practi-
cally the same dosage. 
In continuing the study of the response of male mice to graded doses 
of AP tissue containing mammogen, groups of ten to 21 mice were 
given fresh pituitary tissue from pregnant cattle. At 80, 82.5, 85 
and 87.5 mg. the increase in percentage response was very rapid. 
Nine, 27, 40 and 00 per cent, respectively, of the mice in each group 
had one or more mammary rudiments showing distinct signs of gro·wth 
stimulation (Table 9) . The responses then remained almost station-
TABLE 9.-THE RESPONSE OF MALE MICE TO GRADED DOSAGE OF ANTERIOR 
PITUITARY TISSUE FROM PREGNANT CATTLE. 
Number 
of Dosage Per Cent 
Mice (mg.) Results Positive 
11 80.0 I+. 10- 9 
11 82.5 3+. 8- 27 
10 85.0 4+. 6- 40 
10 87.5 6+. 4- 60 
21 90.0 12+. 9- 57 
10 100.0 6+. 4- 60 
11 Ho.o 3+. 8- 27 
11 120.0 6+. 5- 55 
12 130.0 6+. 6- 50 
13 140.0 8+, 5- 62 
11 150.0 3+. 8- 27 
ary at between 50 and 62 per cent as the dosage was increased by 
10 mg. intervals, except in two cases. At 110 andl15 mg. the response 
declined to 27 per cent. Increased numbers of mice in these groups 
would possibly l1ave counteracted this decline. This type of response 
renders difficult accurate assa~r of pituitary tissue of unknown po-
tency. The range of dosage giving increase in response is small and 
the leYeling off of the response at higher closag·es tends to be confusing. 
That this is a normal typ~ of response to mammary stimulation is 
supported by Allen, Hisaw and Gardner (1939) , who stated that the 
amount of estrogen necessary to stimulate hyperplasia of the mammary 
gland was generally limited and could not be pushed beyond a given 
point. Gardner et al. (1936 ) mention the stunting effect on mammary 
tissues of large amounts of estrogen. 
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The Responsiveness of Various Mammary Rudiments to Mam-
mogen.-Often not all of the glands in animals showing positive 
response to administration of mammogen developed to the same extent. 
The anterior rudiments responded most readily. This is shown by a 
tabulation of the stimulated glands in each pair in 717 mice in this 
study which had given distinct evidence of mammary growth. Sixty-
one per cent of the cervical rudiments found in this group had re-
sponded. This compares with 66 per cent of the thoracic glands, 36 
per cent of the sternal, and 28 per cent of the abdominal-inguinal 
glands (Table 10) . 
Differences in the responsiveness of different pairs of rudiments is 
further emphasized by the proportion of glands in each pair which 
had reached various stages of development. The order of response in 
this case is the same except that the abdominal-inguinal rudiments 
show a higher proportion of plus two glands. 
TABLE 10.-THE PROPORTION OF MA,MMARY RUDIMENTS WHICH, RESPONDED 
TO MAMMOGEN. 
Cervical 
Pe'r cent positive . . . . . . . . 61.0 
Per cent of positive glands: 
Plus one . . . . . . . . . . . . 50.0 
Plus two . , ......... , 37.0 
Plus three . . . . . . . . . . . 8.0 
Larger . . . . . . . . . . . . . . 5.5 
Thoracic 
66.0 
56.5 
38.0 
4.5 
1.4 
Sternal 
26.0 
71.5 
20.2 
3.7 
4.1 
Abdominal-
inguinal 
28.0 
62.3 
32.5 
3.3 
2.1 
Plus one glands show minimal signs of stimulation with thickened 
ducts, slight proliferation, and usually end-buds. Plus two glands 
show further development with greater extent and complexity of 
ducts (Fig. 6). Plus three and four glands are equivalent to those 
of early estrual female mice (Fig. 7). 
Fig. 7.-Later stages of mammary growth in male albino mice with greater 
proliferation of ducts. Enlarged end-buds are not always in evidence in later 
stages. Plus three and four glands. (X4.5). 
The Mammogenic Assay Technique.-As a result of these experi-
ments the normal (15 to 25 gram) male albino mouse seemed suitable 
for the development of a biological assay technique for at least the 
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duct growth factor of mammogen. Its small size, ready response and 
the normal rudimentary condition of the mammary glands which do 
not respond to gonadotropic hormone are advantageous. 
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Fig. B.-Response of male mice to graded dosages of fresh ante'rior pituitary tissue from 
pregnant cattle. 
ASSAY OF MAMMOGENIC". DUCT 
GROvVTH FACTOR 
THE MALE MOUSE HAS VERY RUDIMENTARY MAMMARY GLANDS. 
MALE MICE WEIGHING CONTROL GLAND STIMULATED GLAND 
10 -'2.5 GMS. ARE USED VERY RUDIMENTARY . GROWTH OF DUCTS 
WITH ENLARGED END BUDS. 
INJECTED SUBCUTANEOUSLY ONCE DAILY FOR. 6 DAYS. GLANDS . 
REMOVED ON 7TH DAY, FIX ED, STAINED, AND EXAMINED FOR 
EVIDENCE . OF GROWTH OF DUCTS. 
MOUSE UNIT-AMOUNT OF TISSUE OR EXTRACT NECESSARY 
TO SECU!lilOR MORE GLANDS SHOWING GROWTH STIMULATION 
IN 50%± 10% OF TEN MALE MICE. 
Fig. 9.-The assay method for the mammogenic duct growth factor of the anterior pituitary. 
Subcutaneous injection in the lumbar region of fresh macerated AP 
tissue from pregnant cattle into 15 to 25 gram male albino mice once 
42 MissouRI AGRICULTURAL ExPERIMENT STATION 
daily for a minimum of four clays was found to stimulate the mammary 
rudiments to development of thick ducts, numerous side branches and 
large club-like dark staining end-buds. 
The total dosage needed to secure definite signs of development 
of at least one gland per animal was reduced by injecting smaller 
amounts of tissue daily for six clays. This was of advantage in assay-
ing small groups of pituitaries. Six daily injectioi1s, killing on the 
seventh, is a convenient period. Trevan (1927) advocated the use 
of a percentage response since this takes into account animal variabil-
ity. Coward and Burn (1927) found that variation to Yaginal smear 
assays of estrogen may be as much as 1000 per cent. They therefore 
recommended the use of the percentage of response and a standard 
deviation which would include two-thirds of the cases. On this basis 
it was required that definite signs of development be secured in 50 
-+- 10 per cent of ten or more mice. . Since the mice were rather 
susceptible to infection and some died as a result of the protein 
preparations used, it proved advisable to start extra mice in each assay. 
From these observations a tentative mammogenic mouse unit (m. u.) 
was defined as the amount of tissue or extract required (per mouse) to 
produce definite signs of development in one or more glands of 50 -+-
10 per cent of at least ten male albino mice weighing 15 to 25 grams. 
Injection was made once daily, subcutaneously, for six successive days, 
and the animals sacrificed on the seventh day. Minimal signs of 
mammary development were considered to be the thickening of the 
main ducts with definite proliferation of secondary branches which 
usually show enlarged, dark staining end-buds. 
The repeatability of this assay technique is shown in Table 11. 
As 105 mg. of AP tissue gave 50 per cent response this dosage was 
used. In four of the six trials, the results were within the range. 
In the fifth trial with nine mice living on completion of the assay, 
positive mice were seven per cent over the limits of variation allowed. 
Possibly the lOth mouse would have reduced this error. Only in the 
second trial were the results definitely outside the range recommended. 
The results with 57 mice were well within the recommended range at 
53 per cent positive. 
TABLE 11.-REPEATABILITY OF THE ASSAY TECHNIQUE FOR THE DUCT GROWTH 
FACTOR OF MAMMOGEN. 
Per Cent 
Trial Positive Negative Positive 
1 4 6 40 
2 7 3 70 
3 5 4 56 
4 4 6 40 
5 6 3 67 
6 4 5 44 
Tots! 30 27 53 
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On the basis of this repeatability the tentative mammogenic mouse 
unit (m.u.) appeared to be satisfactory and was therefore adopted 
for use in the experiments which follow. 
The Mammogen Content of Pregnant Cattle 
Anterior Pituitaries 
It seemed of considerable interest to ascertain the content of the 
duct growth factor of mammogen in the AP lobes of cattle during 
known stages of pregnancy. Investigation had sho~'11 that during 
pregnancy hyperplasia of the mammary gland occurred mostly in 
the first half to two-thirds of the period (Turner, 1939) . 
Pituitaries were obtained from · 23 pregnant dairy and 45 pregnant 
beef cows. Since in most cases a single AP lobe was found to con-
tain insufficient mammogen to secure a complete assay, the AP lobes 
were grouped according to the stage of pregnancy as judged by fetus 
crown-rump length. This measurement was secured in all cases at 
slaughter. It was possible to assemble rather large groups of pituit-
aries from beef cows. 
Mammogen Content per Gram.-Content of mammogen per gram 
of AP tissue followed a similar trend in the two classes of cattle during 
pregnancy. The hormone content was low in early pregnancy being 
comparable to that in dairy and beef cattle during lactation (Table 
12 and Fig. 10). The amount of mammogen per gram then rose 
rapidly, especially in dairy cow pituitaries, to reach a peak at about 
the 150th day of pregnancy. The hormone concentration then was 
evidently twice as high as at the beginning of pregnancy. During 
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Fig. 10.-The content of mammogenic hormone (duct g~owth facto~) pe~ gram of fresh 
anterior pituitary of pregnant cattle. 
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TABLE 12.-THE MAMMOGEN CONTENT OF CATTLE ANTERIOR PITUITARIES 
DURING PREGNANCY. 
Number Mouse Units per 
Anterior Foetal Stage of Number Total Per Cent 100 lbs. Pituitary Length Pregnancy of Dosage Response Gram of Body Lobe.s (inches) (days) Mice (mg.) (positive) Tissue Gland Weight 
Pregnant Dairy Cattl2 
150 0 2 1.25- 4.6 40-70 4 
0.94 4 200 50 5.0 6.5 
7 3.25- 6.5 60-85 12 120 0 
24 140 13 
11 150 55 6.7 11.1 1.34 
2 11.00-11.1 100 20 100 35 9.1 11.2 1.13 
6 13.60-16.0 140-160 16 90 19 
15 100 53 10.0 11.3 1.39 
2 17.75-18.6 170 4 100 25 
13 110 23 8.0 11.1 1.14 
1 19.9 180 4 60 25 
11 80 36 
4 100 100 11.8 30.0 2.81 
2 20.4-20.8 185 18 80-160 0 
7" 200 29 4.5 10.1 1.03 
26.4 210 4 90 25 
8 100 50 10.0 17.1 1.30 
1 34.5 260 4 250 75 4.3 9.5 1.24 Pregnant Beef Cattle 
7 0.9-3.3 40-70 6 150 17 
5 200 20 
4 250 100 4.3 4.4 0.74 
3.1 60 4 100 25 
5 110 60 9.1 10.4 1.64 
9 4.1-6.8 80-87 19 100 5 
9 150 11 
8 160 13 
2 200 50 5.0 4.4 0.63 
3 7.1-7.8 87 10 80 10 
15 100 47 10.00 10.9 1.31 
3 7.5-8.6 90 9 120 11 
3 130 100 8.0 7.2 1.12 
9 9.1-12.1 95-125 23 80-120 0 
18 140 28 
8 180 11 6.7 8.9 1.18 
1 11.4 110 15 100 27 
4 130 25 7.1 
3 12.6-13.3 130 7 100 23 
4 130 25 
5 150 40 
4 170 75 6.3 9.9 1.13 
4 15.1-18.4 150-180 19 100 11 
14 120 29 
4 140 75 7.7 10.2 1.17 
2 19.9-20.1 185 7 100 29 
12 110 25 8.3 10.6 1.07 
3 20.1-23.6 185-195 5 200 80 5.6 5.0 0.67 
2 24.6-25.8 200 12 120-180 0 
10 225 20 4.0 9.4 0.78 
27.4 210 3 70 0 
8 80 38 
3 100 100 11.1 26.3 2.28 
7 29.5-34.8 230-265 11 200 0 
11 250 9 3.3 5.1 0.57 
all this time the mamogen content of pregnant beef cow pituitaries 
was considerably under that of dairy cows. 
At about the 160th to 170th day of pregnancy, a steep decline in 
mammogen content per gram occurred in both dairy and beef cows. 
At 260 days of pregnancy, the hormone content in both classes of 
pituitaries had descended to below that found in the anterior pitui-
taries obtained in early pregnancy when the fetuses were 40 to 60 days 
old. 
During the en~ire pregnant period, the mamihog~n content of dairy 
cow AP lobes was found to be higher than that of pregnant beef cows 
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during the same stages of fetal development. In the earliest stages 
of pregnancy obtained, the hormone content of dairy cow .AP was 
16 per cent greater than in similar beef cow glands. This advantage 
of dairy cows increased as the mammogen content rose with advance 
of pregnancy. .At 85 days of pregnancy, dairy cow pituitaries had 
30 per cent more hormone per gram of tissue than did beef cows. This 
difference was maintained through the !50th day of pregnancy and 
even increased to 56 per cent at the 200th day. Dairy cow pituitaries 
still had 30 per cent more mammogen than beef .AP at the 260th day 
of pregnancy. As the pituitaries from the two classes of pregnant 
cattle could not be grouped at just the same stages, these comparisons 
are based on the smoothed curves showing the general trend. 
The average potency of pregnant beef cow prehypophyses during 
the period of active mammary hyperplasia was substantially under 
that of .AP from dairy cows during all stages of pregnancy. Reece 
and Turner (1937) found a similar situation in regard to lactogen 
and thyrotropic hormone content of beef and dairy cow pituitaries. 
They found that pituitaries from lactating and open dairy cows con-
tained 69 per cent more lactogenic and 31 per cent more thyrotropic 
hormone per unit weight than .AP from similar beef cows. Lactating 
and pregnant dairy cows had 73 per cent more lactogenic and 18 per 
cent more thyrotropic hormone than similar beef cows. 
Mammogen Content per Anterior Pituitary.-The total content of 
mammogen in the .AP of pregnant cattle is perhaps a more significant 
figure than the content per gram of tissue. Presumably the total 
content at the time of assay is an indication of the current output of 
hormone from the pituitary. Theoretically a high hormone content 
might indicate an inactive pituitary which was storing hormone in the 
cells and a low content one which was actively pouring its product 
into the blood (Severinghaus, 1937). Reece and Turner (1937), 
Turner and Cupps (1939) have established, however, that in the 
case of lactogen and the thyrotropic hormone, at least, the most rea-
sonable assumption is that a high hormone content in the pituitary 
indicates rapid production and discharge. 
The mammogen content of the entire AP did not show as well 
formed a curve in the case of dairy cattle as it did in the case of con-
tent per gram of tissue. Beef cattle, however, with larger numbers 
assayed, established a better curve. (Fig. 11). 
The mammogen content in entire AP of both dairy and beef cattle 
was low in early pregnancy. The dairy cow curve then jumped 
to almost the maximum at 80 days while the hormone content in beef 
glands gradually rose to a peak at 130 days of pregnancy, although 
still somewhat under the content in dairy cow pituitaries. The mam-
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mogen in the latter glands was maintained fairly evenly until 160 
days of pregnancy when a slight drop was shown and a further drop 
at 260 days. Beef cow AP showed a distinct drop, however, similar 
to that in content per gram beginning at the 180th day of pregnancy 
and continuing to the low content of 5.1 mamogenic m.u. at the 260th 
day of pregnancy. 
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Fig. 11.-The' content of mammogenic hormone (duct growth factor) in the anterior pitui-taries of cattle during pregnancy. 
At the beginning of pregnancy, the mammogen content of dairy 
cow pituitaries was 48 per cent greater than that of beef cow glands. 
The content in the former rose steeply then so that there was 152 per-
cent more hormone in them than in the beef cow glands. As the 
mammogen content in beef pituitaries rose, this difference was reduced 
until at the 150th day of pregnancy when the dairy cows had an 
advantage of only 11 per cent. The advantage of dairy cow pituitaries 
then increased again as the hormone content of beef glands declined 
in the latter part of pregnancy. Dairy cows had an advantage of 
38 per cent at 200 days and 60 per cent at 260 days of pregnancy. 
The greater output of mammogen from dairy cow pituitaries in-
dicates why the udders and mammary glands of dairy cows are, on the 
average, much better developed than those of beef cows. It also 
furnishes one of the reasons for the greater milk production of dairy 
cows, a more extensively developed gland providing opportunity for 
greater production. 
Reece and Turner (1937) found that AP from lactating and open 
dairy cows contained 43 per cent more lactogen and 10 per cent more 
thyrotropic hormone than similar beef cows. Glands from lactating 
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and pregnant dairy co>'vs contained 32 per cent more lactogenic and 
90 per cent as much thyrotropic hormone as similar beef cows. 
The Mammogen Content in Relation to Body Weight.-The mam-
mogen content per 100 pounds body weight is probably a less signifi-
cant figure than the content per A.P when dealing with a hormone 
such as mammogen which presumably acts only on the mammary 
gland. The hormone content per hundredweight does not show any 
particular trend in the case of dairy cattle (Table 12). In the case 
of beef cow A.P, however, the mammogen content per 100 pounds 
body weight shows a distinctly low level in early and late pregnancy. 
A.t that time it was still somewhat above the content found in non-
pregnant beef and dairy cows except for the 230 to 265 day group. 
From the 87th to 185th days of preg·nancy there were usually over 1.1 
mammogenic m.u. of hormone per 100 pounds body weight. 
The Mammogen Content of Non-pregnant Cattle 
Anterior Pituitaries . 
Cows and Heifers.-The theory had been advanced that mammogen 
is formed in the pituitary under the influence of the ovarian (or 
testicular) hormones (Gomez and Turner, 1937). It t~erefore seemed 
of interest to determine the mammogen content of non-pregnant female 
cattle during the follicular and luteal stages of the estrous cycle as 
well as the content in bull and steer AP lobes. The non-pregnant 
cattle studied included cows and heifers. For comparison data on 
steers, bulls and fetuses have been added. 
Among cow groups, eight dairy cows, which were milking and 
in the luteal stage of the estrual cycle, had the highest concentration 
of mammogen (6.1 mammogenic m. u.) in their A.P. This is com-
parable to the content found during early and late pregnancy (Table 
13). 
Nine non-pregnant dairy cows also in the luteal stage of the estrual 
cycle were found to have 86 per cent as much mammogen per A.P in 
spite of a higher content per gram of tissue. The cattle in these two 
groups were all cows except two heifers in the dry group. The con-
tent of mammogen per 100 pounds body weight was also lower (90 per 
cent) in the non-milking than in the lactating group. It would 
seem that during lactation ii1creased amounts of mammogen are be-
ing produced to aid in maintenance of the functioning mammary 
gland. 
During the follicular phase of the estrous cycle, as indicated by 
five cows and heifers of dairy breeding without active corpora, the 
mammogen content of the A.P was only 58 per cent as high as that of 
dairy cows with corpora lutea in number of mammogenic m.u. per A.P. 
The content in mouse units per hundredweight was only 59 percent as 
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TABLE 13.-THE MAMMOGEN CONTENT OF AP FROM NON-PREGNANT CATTLE. 
Mouse units per: 
Number No. Total Percentage 100 lb. 
Ant. Pitui- of response dosage body 
Classification of donors taries Mice (mg.) (positive) AP weight 
Dairy cows: 
dry, with corpora lutea ...... 8 16 180-250 0 
14 300 36 5.1 0.59 
milking, with corpora lutea 9 20 100-300 0 
13 350 39 6.1 0.65 
with ovarian follicles only ... 5 3 300 0 
8 400 50 3.0 0.34 
Beef heifers: 
with corpora lutea 
under 500 pounds ....... 9 15 250 60 2.9 0.65 
500 to 700 pounds ..... . . 24 6 75 83 
6 150 100 
6 200 83 14.9 2.61 
over 700 pounds ... ..... 25 6 75 100 
6 100 83 
10 200 100 17.4 2.30 
with ovarian follicles . .. ..... 37 15 300+ 40 2.4 0.47 
Dairy steers 
····· ···· ··········· 
6 14 250 29 
6 300 50 2.5 0.57 
Hereford-Angus steers: 
under 500 pounds 
·········· · 
7 10 250 30 2.5 0.57 
500 to 700 pounds ........ . .. 31 21 200-400 0 
21 500 38 1.7 0.30 
over 700 pounds ...... . .. . .. 20 14 200-300 0 
16 350 31 
11 400 30 1.8 0.24 
Fetuses 
·· ······ ······ ···· ······ 
42 4 200 0 
3 300 25 0.22 
Bulls: 
Hereford-Angus 
· ·· · · ···· ·· · 
10 14 250 29 
8 300 63 2.9 0.51 
Shorthorn ................. . 7 4 250 25 
9 300 45 2.6 0.55 
high as was found in the group with corpora lutea. Evidently ovarian 
corpora lutea exert a stimulating effect upon the pituitary, causing 
increased production of mammogen, or the effect of the follicular 
phase is delayed. 
This is further shown in four groups of beef heifers three of which 
had corpora lutea and follicles in the ovaries while the fourth group 
had only follicles (Table 13). AP from heifers weighing under 500 
pounds, with corpora lutea, gave a 60 percent response in 15 mice 
at a dosage of 250 mg. per mouse. This would indicate that there 
were four mouse units of mammogen per gram of AP, 2.85 m.u. per 
AP and 0.65 m.u. per 100 pounds body weight. The content per 
AP is not high being comparable to that in beef bulls. The content 
per gram is hig·h, however, being comparable to that found in milk-
ing dairy cows and the content per gram is higher than in any other 
group except older heifers. At this stage of heifer cl.evelopment 
the ovarian cycles have usually begun and considerable growth of 
mammary ducts is occurring. 
The two groups of beef heifers weighing 500 to 700 pounds and over 
700 pounds showed a surprisingly high hormone content in the AP 
which is, however, to be expected for at this stage of heifer develop-
ment the principal development of the mammary duct system occurs. 
Although the assays are incomplete, as published, sufficient data are 
Gram 
of 
AP 
3.3 
2.9 
2.5 
4.0 
20.0 
20.0 
3.3 
3.3 
2.9 
2.0 
2.0 
3.1 
3.6 
3.3 
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available to show that 75 mg. of AP contained more than a mouse 
unit of mammogen. Possbily 50 mg. would have been sufficient (Table 
13). On the latter basis the AP from 500 to 700 pound heifers con-
tained 14.88 m.u. per AP. This is 34 per cent more than the con-
tent found in pregnant dairy co>vs at the 150 day peak and 40 per-
cent more than in pregnant beef cattle. The group of beef heifers, 
with corpora, weighing over 700 pounds had an even higher content 
of mammogen per AP. It was 64 percent higher than that of beef 
cows at 150 days of pregnancy. 
Similar beef heifers with only ovarian follicles and a mean body 
weight of 507 pounds had a much lower content of mammogen in 
the AP (2.4 m.u.). This is comparable to the content found in the 
AP of dairy steers and light weight beef steers. The condition in 
heifers is therefore similar to that in dairy cows with and without 
corpora lutea although the difference is greater in the case of beef 
heifers. Cyclic production of mammogen would indicate a cyclic 
growth of the mammary duct system coinciding with the estrous cycle, 
as has been described for several species of animals (Turner, 1939). 
Steers.-It would appear that the pituitary produces a certain 
amount of mammogen without stimulation from the gonads for an 
appreciable amount was found in the prehypophyses of steers (Table 
13). Six steers of predominantly dairy breeding had the low mam-
mogen content of 2.5 m. u. per AP. This was 83 percent of the 
content found in dairy cows with follicles and 49 per cent as much 
as in dairy cows with corpora lutea. The steers were small, however, 
averaging 451 pounds body weight and the mammogen content per 
hundred-weight was high. 
AP from beef steers under 500 pounds body weight gave a 30 per 
cent response in 10 male mice at 250 mg. per mouse. In assaying 
material of this kind it was found to require considerably more 
material to raise the response from 30 to 50 per cent. On this basis 
a mammogenic mouse unit would require at least 350 to 400 mg. per 
mouse. Using the lower figure these beef steers would have the same 
content of mammogen per AP and per hundredweight as the dairy 
steers. 
AP from beef steers 500-700 lbs. live-weight caused a 38 per cent 
response at 500 mg. per mouse. Accepting this figure as approximately 
the assay dosage these steers had only 1.7 m.u. per AP, 0.3 m.u. per 
100 lb. weight and 2 m.u. per gram of AP. These are the lowest 
figures secured for any class of cattle. 
A complete assay of AP from beef steers weighing over 700 lbs. 
was not secured. The response of male mice was only 30 per cent at 
350 and 400 mg. per mouse. Probably 500 mg. were needed. At this 
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rate there would be 1.8 m.u. per AP and 0.24 m.u. per 100 lb. body 
weight. 
Bulls.-Bulls of beef breeding had 16 per cent more mammogen per 
AP than did dairy steers but had only 89 per cent as much per 
hundredweight (Table 13). Shorthorn bulls had eight per cent more 
hormone per hundredweight than did Hereford-Angus bulls. The 
content per hundredweight in the Shorthorn AP was comparable to 
that in beef cows with corpora lutea but the content per anterior lobe 
was only 51 per cent as much. 
Fetuses.-The AP of 42 fetuses from pregnant cows were assayed 
in a group. They contained 3.1 m. u. per gram of tissue which 
compared favorably with that in other classes of cattle. There was 
only 0.22 mouse unit of mammogen per AP, however. 
The Mammogen Content of Rabbit Anterior Pituitaries 
Gomez and Turner (1937) reported that hypophysectomized, cas-
trate and normal guinea pigs showed mammary development after 
implantation of half a pituitary daily from estrogen treated donor 
rats. Pituitaries from uuinjected rats caused no hyperplasia. Nelson 
( 1938b, 1939) secured mammary proliferation in hypophysectomized 
female rats whether the donor rats had been given estrogen or not. 
It is of interest that growth of the mammary glands in hypophysec-
tomized animals was secured with pituitary tissue. Contrary to 
earlier reports, Nelson is now of the opinion that estrogen alone will 
not grow the mammary glands of hypophysectomized animals. Nor 
will other known pituitary hormones do so .. The 300 to 1000 i. u. of 
estrogen administered these donor rats was undoubtedly an overdose, 
explaining in part the low content of mammogen found. Evidence 
for this belief is given in the following experiment. The mammogenic 
content of pituitaries increases during the luteal stage of the estrual 
cycle, at least in cattle, and is appreciable even in steers and bulls. 
Undoubtedly the pituitaries of the untreated donor rats in this case 
contained mammogen. 
Gomez and Turner ( 1938) reported that a minimum of 80 mg. 
of whole pituitary tissue from normal young· adult female rabbits 
gave negative results when assayed by the mammogenic mouse unit 
technique. Sixty milligrams of pituitary from similar males also 
caused no mammary stimulation in male mice. When such females 
were given 20 r. u. of estradiol daily for 25 days, however, their 
pituitaries then contained one mouse unit per 20 mg. of tissue. 
Male rabbits of the New Zealand breed weighing five to seven pounds 
were used in this experiment. They were given subcutaneous injec-
tions for ten days of varying amounts of estrone. AP removed from 
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these males rabbits were assayed for mammogen. The object of the 
experiment was to determine the curve of increasing mammogen con-
tent developed in rabbit pituitaries under the influence of estrogen 
and to compare this with the hormone content in pregnant rabbits. 
No regular curve developed under the conditions of the experiment. 
Due to the large number of rabbits, the amount of hormone and labor 
required, the effects of different time intervals could not be investi-
gated. 
AP from 29 male rabbits given daily injections of 300 i. u. of es-
trone for ten days contained one m. u. in 20 mg. of tissue and 
0.81 mouse units per AP. The next group composed of 28 rabbits 
given 500 i. u. a day showed a slight decrease in hormone content. A 
21 per cent positive response was obtained at 20 mg. per mouse. Pos-
sibly somewhat less than 25 mg. contained one mammogenic mouse 
unit and the AP each contained 0.69 m. u. The highest potency was 
obtained at a dosage of 700 i. u. of estrone. AP tissue from 23 rabbits 
required only 15 mg. for a 38 per cent response in male mice. This 
gives a total of 59 m. u. per gram of tissue and 0.99 m.u. per AP. 
(Table 14). 
TABLE 14.-THE MAMMOGENIC POTENCY OF ANTERIOR PITUITARIES FROM 
ESTRONE TREATED MALE AND PREGNANT FEMALE RABBITS. 
Group Number of Number Total Per Mouse Units Per: 
and AP of Dosage Cent Gram of 
Daily Treatment Lobes Mice (mg.) Response AP AP 
Males (10 days treatment) 
300 i. u . ...... ... ... 29 6 15 17 50 0.81 
14 20 43 
500 i. u . ... .. ... .. .. 28 4 15 0 40 0.69 
14 20 21 
700 i. u. 
· ········ ·· · 
23 6 7.5 17 59 0.99 
12 10 17 
8 15 37 
1000 i. u . . ...... . . . .. 37 19 5·45 0 
1200 1. u . . ....... .. . . 17 16 10-40 0 
Females 
10 days pregnant . . .. 13 16 10-25 0 25 0.49 
5 40 40 
Apparently 1000 and 1200 i. u. of estrone a day were overdoses for 
negative results were secured on assay of .AP from these groups at 
dosages of five to 45 mg. and 10 to 40 mg. per mouse, respectively. 
Mammary stimulation in male mice was not secured with .AP tissue 
from rabbits pregnant 10 days until the dosage had been raised to 
40 mg. per mouse. A gram of .AP tissue then contained 25 mam-
mogenic m. u. and the entire lobes 0.49 m. u. This was only 50 per 
cent of the content in male rabbits given 300 i. u. of estrone daily. 
Some difficulty was experienced at times in breeding females. Fif-
teen unresponsive female rabbits were given subcutaneous injections 
of 0.5 ml. of gonadotropic hormone from mare's serum ( Gonadin). 
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When bred within one to three days, 11 became pregnant and four 
pseudo-pregnant. 
Mammary stimulation in the male rabbits given 300 to 1200 i. u. 
of estrone daily for 10 . days was not very great in most cases. En-
larged duct-ends were apparent in practically all cases, however. Two 
males were found to have well developed duct systems extending ful-
ly four inches in diameter. Turner and Frank (1932) reported a 
similar case in an untreated male rabbit. Two other males had fairly 
extensive duct systems extending two inches after treatment. There 
were six cases with one to 1.5 inch glands, and six cases with 0.75 
inch glands. Control glands '\vere not obtained. 
Chemical Concentration of Mammogen 
The development of a suitable assay technique for the duct growth 
factor of mammogen has been of considerable aid in study of some 
of the chemical characteristics of the factor and has given strong 
evidence of its individuality as distinguished from other known 
pituitary hormones. 
A large quantity of AP from pregnant cattle was ground and 
desiccated as quickly as possible by centrifuging with four changes 
of acetone and one of ether. This method has had little deleterious 
effect on the potency of prehypophyseal tissue for lactogenic, thyro-
tropic and carbohydrate metabolism hormones (Bergman, Houchin 
and Turner, 1939). The fresh AP material contained one mouse 
unit per 105 mg. Desiccation reduced the weight of the tissue to 
one-seventh that of the fresh material so that with no loss of potency 
15 mg. of acetone-ether dried material should have contained one 
mouse unit. On assay it was found necessary, however, to inject 40 
mg. in order to secure a 41 per cent positive response (Table 15). This 
indicates a 62 per cent loss of potency. 
The pregnancy prehypophyseal t issue was then subjected to the 
next step in concentration according to the method described by 
Bergman and Turner (1938 a b). Acetone dried material was ex-
tracted with 15 to 20 volumes of 60 per cent alcohol at pH 9 to 10. 
On centrifuging, a residue was obtained which ordinarily contained 
only traces of lactogenic, thyrotropic, gonadotropic and carbohydrate 
factors. The active principles were then precipitated from the super-
natant liquid at pH 5.7 with three volumes of 95 per cent alcohol. 
The precipitate was dried with alcohol and ether. This initial extract 
contains most of the lactogenic, thyrotropic, carbohydrate metabolism, 
fat metabolism, and gonadotropic potency of the fresh material (Berg-
man, Houchin and Turner, 1939). Since the material was reduced 
about 34 times in weight, with no loss of potency, about three milli-
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grams should have contained one mouse unit of mammogen. It was 
found necessary, however, to inject 120 mg. per mouse in order to 
secure a 50 per cent response with ten mice. This indicates a loss 
of 95 per cent of the potency. 
The residue, which was obtained on three extractions with 60 per 
cent alcohol at pH 9 to 10, was then assayed for its mammogen content. 
This material is very low in the recognized pituitary hormones (Berg-
man, Houchin and Turner, 1939). Negative results were secured 
until the dosage was raised to 80 mg. per mouse in four days when one 
mouse out of three was obtained showing a strong response. These 
mammary g-lands had enlarged dark staining end-buds and showed 
prolif-eration and thickening of ducts. An assay response (50 per 
cent of 10 mice positive) was obtained with 96 mg. of this residue. 
This is 26 mg. less than was required of the initial extract (Table 15). 
About 70 per cent of the potency of the material was still to be 
accounted for in the alcohol used in extraction· and the alcohol and 
ether used in drying both the initial extract and the residue. Small 
quantities of these alcohols had been saved and were concentrated un-
der reduced pressure at about 37° C. Insufficient residue was available 
to run complete assays. However, 69 mg. per mouse of lipoidal-ap-
pearing residue from the approximately 87 per cent alcohol used to 
precipitate the initial extract gave strongly positive results in one 
of two mice injected. Residue from the 95 per cent alcohol used in 
drying the initial extract gave two positive results when 41.6 mg. 
were injected over a period of six days into each of three mice. A 
similar residue from the drying of the so-called inert material gave 
a similar response with 14.5 mg. injected into each of three mice. Al-
though the concentration of mammogen in these residues was not 
great per unit weight, they were more potent than the initial extract. 
The Bergman-Turner extraction method was repeated with another 
lot of AP tissue except that the fresh material was not acetone and 
ether dried. The residue obtained on vacuum distillation of the 86 
per cent alcohol used to precipitate the initial extract yielded a 
mouse unit on the injecti01i of three milligrams, compared to 105 mg. 
for the fresh tissue, and contained 90 per cent of the potency of the 
fresh pituitary tissue. 
Since the mammogen was found to be soluble in 86 per cent alcohol 
at a pH of 5.7, whereas several other pituitary hormones are not, an 
attempt was made to extract the hormone by allowing the ground 
AP tissue from pregnant cattle to stand for two days in several vol-
umes of 95 per cent alcohol. The alcohol was then removed by dis-
tillation under reduced pressure. On assay the extract was not very 
potent, requiring 40 mg. for a response indicating slightly less than 
one mouse unit. (Table 15). 
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TABLE 15.-POTENCY OF MAMMOGEN IN EXTRACTS OF PREHYPOPHYSEAL 
TISSUE. 
Extract 
Pr<>gnnnt Cattle Anterior Pituitary 
Fresh tissue (Lot 1) ........... .. .. ... . .. . 
Acetone a nd ether dried .. . .. . .. .. . .. ..... . 
Initial extract (contains lactogenic, thyro-
tropic and other hormones) .... .. ....... . 
Inert material (for most pituitary hormones ) 
#14 residue--86 % alcohol distillation; sec-
ond extraction .. . . . . . . . .... . ..... ... ... . 
#24 residu~95o/o alcohol distillation cold 
extraction ..... . ....................... . 
#27 · residue---95% a lcohol-ether extraction 
(warm) .... . ... . . ....... . ...... . . . .... . 
#28 second warm alcohol-ether extract (Lot 
II) . . ..... .... .. . . . . . ..... . . . . . . .. .. .. . . 
#29 ether soluble fract ion of #28 ........ . 
#31 ether insoluble fraction of #28 .....•.. 
#33 acetone soluble fraction of #28 ...... . 
#32 acetone insolub le fraction of #28 ... . . . 
#38 residue of 86% alcohol extraction, ether 
soluble (Lot III) ................. . ... . . . 
#37 heated. Ether soluble fraction of #19 
dried on a warm plate .. ..... . ....... . .. . 
#39 residue of 86% alcohol extraction of Lot 
III, ether insoluble ..................... . 
Sheep Anterior Pituitary 
#19 residue of 86% alcohol extraction .... . 
#37 ether soluble fract ion of #19 
Guinea Pig 
#30 warm alcohol-ether extract of guinea 
pig liver . . .. .... .. ........ . .. . .... . ... . 
No. 
of 
Mice 
53 
8 
12 
4 
12 
3 
3 
10 
12 
11 
5 
8 
10 
11 
16 
9 
21 
22 
16 
3 
4 
18 
6 
5 
4 
8 
6 
18 
16 
12 
10 
10 
10 
4 
22 
7 
8 
11 
6 
6 
Days 
In-
jected 
6 
14 
6 
21 
6 
4 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
G 
6 
6 
6 
6 
6 
G 
6 
6 
6 
6 
6 
Total 
Dose 
(mg.) 
105 
28 
40 
41 
120 
40 
80 
96 
1 
3 
20 
40 
3 
4 
4 
5 
6 
2 
4 
20 
5 
10 
5 
10 
20 
5 
10 
15 
6-40 
60 
30-90 
100 
16.6 
2.0 
3.0 
4.0 
9 & 27 
80 
90 
100 
Percent 
age 
Response 
57 
0 
42 
0 
50 
0 
33 
50 
25 
45 
20 
38 
33 
64 
31 
33 
38 
41 
63 
0 
0 
60 
0 
0 
0 
13 
17 
39 
0 
25 
0 
0 
60 
0 
63 
67 
0 
27 
33 
17 
Extraction with several volumes of ether-alcohol mixture (1 :3) at 
50° C. was more successful. The insoluble material was filtered off 
while still warm and washed with ether. The ether, alcohol and 
water were then removed by distillation under reduced pressure. 
The residue was further dried over sulphuric acid in a vacuum desi-
ccator. On assay, the residue showed a potency of one mouse unit 
per three to four milligrams of extract. Assuming a mouse unit to 
be present in 3.5 mg., the 1.056 gm. of extract contained 100 per 
cent of the potency of the 30 gm. of fresh tissue extracted. 
A residue from an 86 per cent alcohol extract ( # 19, Bergman-
Turner method) of sheep AP obtained from a packing plant without 
regard to pregnancy, upon assay was found to contain one mammogen-
ic mouse unit to 16.6 mg. This had been stored at ice box temperatures 
for several months. 
On ether fractionation of this extract, the ether soluble fraction 
( #37) was .found to contain one mouse unit in about three milligrams. 
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This was over 100 per cent of the hormone contained in extract #19. 
The ether insoluble fraction ( #36) gave entirely negative results on 
assay at 20, 40 and 100 mg. per mouse (in oil). 
A second ether-alcohol extract of fresh AP tissue from pregnant 
cows ( #28) yielded a residue on vacuum distillation which contained 
one mammogenic mouse unit in about six milligrams. This was 
fractionated in ether at room temperature and then dried in a vacuum 
desiccator. The ether soluble fraction (#29) contained a mouse unit 
per two milligrams. It also contained 100 per cent of the potency of 
extract #28. The ether insoluble fraction ( #31) gave negative re-
sults in three mice at a dosage of 20 mg. each (Table 15) . 
Extract #28 was also fractionated with acetone. The results were 
not very satisfactory for 10 mg. of the acetone soluble fraction (#33) 
were required for one mouse unit and only 46 per cent of the potency 
was recovered in this fraction. The acetone insoluble fraction ( # 32) 
gave negative results at 10 and 20 mg. per mouse. 
The best product obtained to date (#45) was extracted with warm 
alcohol and ether from pregnant cow AP, dried during refrigeration 
before a fan, ether fractionated and redried. A complete assay of 
this extract has not yet been obtained but the response of 14 mice 
was 79 percent positive at a dosage of 0.25 mg. per mouse. This is a 
concentration of at least 400 times comparing the fresh tissue in water 
with the extract in oil. 
Mammogen is differentiated from estrogen by the fact that it is 
quite unstable to heat and possibly oxidation, whereas estrogen is 
stable to boiling. This agrees with Corner (1930) and Asdell (1936); 
Several instances of this have occurred in our experimental work. 
One example will suffice. An ether soluble extract of non-pregnant 
sheep AP (#37), which required three milligrams per mammogenic 
mouse unit, was dried on a hot plate to remove the ether. This re-
duced the potency so that some 60 mg. were then required for one 
mouse unit. 
A warm ether-alcohol extract of guinea pig livers (#30) was also 
assayed for mammogenic potency. It caused mammary hyperplasia 
in male mice at the high dosages of 80 and 90 mg. per mouse although 
50 per cent response was not obtained. This compares with the 
content of one mouse unit in two to four milligrams in similar extracts 
of AP tissue from pregnant cattle. 
Possible Presence of Estrogen in Anterior Pituitary Tissue and 
Extracts 
Because some of the chemical characteristics of mammogen ap-
peared to be similar to those of estrogen, it seemed advisable to inves-
tigate the possible estrogenic potency of fresh AP tissue and extracts. 
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Brouha and Simmonet (1927) reported that alcohol or acetone ex-
tracts of whole cattle pituitary administered to adult castrated female 
rats at the rate of 50 to 100 mg. of extract gave complete sexual cycles 
similar to estrogen injection and often within 48 hours. At other times 
there was a longer latent period, estrual smears appearing after 
three to four days. Callow and Parkes (1936) also found estrogenic 
activity in acetone extracts of cattle and horse pituitaries. This ex-
tract, unlike that from adrenals, possessed little progestational activity. 
Corner (1930) reported that tests for estrogen and progestin were 
negative in pituitary extracts which produced lactation. 
Ten female mice, which had demonstrated estrus, were ovariecto-
mized. Vaginal smears taken for five days after operation were 
negative. On the sixth day each mouse was injected three times at 
four-hour intervals with 10 mg. each injection of residue of 86 per 
cent alcohol extraction of AP tissue from pregnant cattle (#14). 
This extract required three milligrams for a mammogenic mouse unit 
so that a total of 10 mammogenic m. u. was administered. Vaginal 
smears taken at 24 and 48 hours after the last injection ·were entirely 
negative . 
.Another group of 10 mice was similarly tested and ovariectomized. 
They were then given one mammogenic m.u. a day of the same extract 
for six days. Smears taken daily were negative . 
.A safronin iso-amyl alcohol extract of .AP from pregnant cattle 
containing a total of three mammogenic m. u. was given to ten ovar-
iectomized female mice in three injections at four-hour intervals. 
Smears taken 24 and 48 hours later were negative. 
Seven ovariectomized mature mice were given a total of 130 mg. 
of fresh AP tissue from pregnant cattle (Lot I) in six days. This 
material required 105 mg. per mouse for one mammogenic m. u. 
Vaginal smears taken daily were negative. Mammary glands removed 
on the seventh day showed signs of growth stimulation. Three mice 
had the beginning of lobule-alveolar systems (Fig. 12). The others 
showed enlarged end-buds andjor thickened ducts and side branches. 
Seven ovariectomized mice were injected with 130 mg. total in six 
days of another lot (Lot II) of prehypophysis from pregnant cattle. 
This tissue assayed the same as the preceding for male mouse mam-
mary growth. Two mice gave estrous smears during the period of 
injection. From four other mice suspicious smears with a few 
squamous cells were found . 
.A repetition of this trial resultecl in smears from seven of ten mice 
showing full estrus. No traces of ovaries could be found on autopsy. 
Glands from seven of these mice had early to well developed lobule-
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alveolar systems. All were developed more than the controls exam-
ined. At the most, this could indicate less than one estrogenic mouse 
unit which would be entirely inadequate to produce a mammogenic 
mouse unit response. These mice had been smeared for repeated six 
day periods which may have caused the production of cornified smears 
as shown by Hu and Frazier (1935) and Wade and Doisy (1935). 
This is supported by a third trial with a fresh group of spayed fe-
males in which the smears were consistently negative. 
Astwood (1938) found that within six hours after a single injection 
of estrogenic substance into immature rats an increase in uterine 
weight could be detected. This was caused by the imbibition of water. 
One Astwood unit equals the action of 0.025 gamma of estradiol which 
produces a 34 per cent increase in uterine weight over controls. 
Ten 17 to 19 day old female mice averaged 5.49 gm. body weight 
and 8.01 mg. uterine weight. The uteri of nine similar mice with 
a mean body 'Weight of 5.67 gm. had increased 50 per cent to a mean 
of 11.38 mg·. six hours after a single injection of 1.5 i. u. of estrone. 
A thir d group of nine immature mice weighed 5.67 gm. Six hours 
after a single five milligram injection of a warm alcohol-ether extract 
of AP from pregnant cattle ( #28) the mean uterine weight was 7.6 
mg. or slightly under that of the controls. Less than four milligrams 
of this extract ·were required for one mammogenic mouse unit. As 
shown by assays of estradiol, estrone and estriol, from 20 to 600 
gamma of oYarian hormone are required for the equivalent of one 
mammogenic mouse unit. The mammary growth potency of this ex-
tract could hardly be clue to its estrogenic content. 
The ether soluble fraction of an 86 per cent alcohol extract of non-
pregnant sheep AP ( #37) required three millig-rams for a mam-
mogenic mouse unit. 1<-,ive milligrams of this extract were given in 
one injection to nine immature mice with a mean body weight of 
5.1 gm. After six hours an average uterine weight of 11.27 mg. was 
obtained. This was approximately a 50 per cent increase over the con-
trols and equal to the effects of 1.5 i. u. of estrone. This amount of 
estrone is only .75 per cent of that required to produce one mam-
mogenic mouse unit response. 
The fact that normal instead of hypophysectomized animals were 
used in the assay of mammogen makes it necessary to demonstrate 
conclusively that the mammary growth effects observed in the assay 
animals were not due to estrogen. Brouha and Simmonet (1927) had 
to administer 50 to 100 mg. of alcohol or acetone extracts of pituitary 
to secure estrous cycles in spayed rats. This is much above the re-
quired dosage for mammogenic assay, whereas minimal mammary 
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growth requires many times as much estrogen as is necessary to pro-
duce estrual smears. 
Fig. 12.-Mammary glands from 
young spayed virgin female mice given 
a total of 130 mg. of fresh anterior 
lobe tissue from pregnant cattle in six 
days. This tissue contained 1.24 mouse 
units of mammogen . Lobule deve1op-
ment equal to mid-pregnancy is appar-
ent. Control glands showed ducts only. ( X5.5) . 
F ig. 13.-Mammary glands from male 
mice given 12.7 mouse units of mammogen 
in 19 days. An 86 per cent alcohol extract 
of AP from pregnant cattle was used. The 
glands were 1.5 em. in extent and equal to 
those of mature female mice. (X5) . 
Several estrogenic assays of fresh pituitary tissue and extracts 
containing mammogen were negative at from 124 per cent to 1000 
per cent of the amount required to cause a mammogenic mouse unit 
response. Lot II fresh pituitary gave some positive r esponses in two 
trials and negative in a third, while the same kind of tissue in Lot 
I was negative under the same conditions. Their mammogenic assay 
was the same. Porty-three per cent more than a mammogenic mouse 
unit of an extract of AP did not cause increase in size of the uteri of 
immature mice by an adaption of the Astwood technique whereas 
1.5 i. u. of estrone, far too little to cause mammary hyperplasia, caused 
a 50 per cent increase. A second extract gave a result equivalent 
to this amount of estrone. 
Mammary glands were strongly developed 111 a group of spayed 
females which showed no estrogenic response. 
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These data seem to indicate that the estrogen content of pituitary · 
extracts is very low or absent unless its activity is masked by other 
hormones. In regard to this point Corner (1930) and Callow and 
Parkes (1936) reported that similar extracts contained little or no 
progestin. It would appear that, if present, estrogen is in such low 
concentration that it could not have caused the mammary stimula-
tion observed in male mice under the conditions of the assay method. 
Growth of More Complete Mammary Glands 
It was of interest to see to what extent extracts of AP would stim-
ulate growth of mammary glands over a period of injection longer 
than six days and at higher dosage. It had been found that fresh 
AP tissue from pregnant cattle implanted daily into ovariectomized 
female mice would cause development of small, non-hypertrophied 
lobules after as little as six days treatment. Had this faculty been 
retained in extracts assayed by a method which measured duct 
hyperplasia~ 
Three of six male mice g·iven 1.8 mammogenic m. u. of an 86 per 
cent alcohol extract of pregnant cow AP (#38) in nine days had 
well developed mammary glands extending fully one centimeter (Fig. 
14). Also, five of 13 male mice given a total of 3.2 to 9.5 m. u. of the 
same extract (#38) in 19 days showed limited hyperplasia of the 
mammary ducts. Four of five other male mice given 12.7 m. u. in 19 
days had mammary glands extending from one to two centimeters 
and fully equal to those of normal adi:tlt females (Fig. 13). No signs 
of lobule development were present in any case. 
Fig. 14.-Well developed mammary glands from male mice given 1.8 mouse units of mam• 
motten in nine days. An extract of pregnant cow AP was used. The glands were 0.5 to 0.8 
em. in extent and equal to those of young estrual female mice. (X5). 
Ten young sexually adult female albino mice, 18 gram average 
body weight, were ovariectomized and an abdominal mammary gland 
removed from each. These glands consisted of a simple system of 
main branching ducts with a few secondary ducts (Fig. 15). No 
signs of growth were evident. After recovery from the operations 
the same extract as above ( #38) was administered in oil at the 
rate of one-third mouse unit a day. Two mice autopsied after 29 and 
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F'1g. 15.-Control mammary 
normal young estrual female mice with a 
mean body weight of 18 grams. Unde-
veloped sternal glands are common at this 
weight. (X4.5). 
l•ig . 16.-Mammary glands from spayed 
female mice given ~-3 m. u. of mammogen a 
day for 80 days. An alcohol extract of AP 
from pregnant ca ttle was used. Hyper-
trophied ducts, interlobular ducts and end-
buds are shown. ( X 4). 
32 days of injection showed extensive proliferation of secondary ducts 
with end buds present in both cases showing continued growth. A 
sternal gland was removed from six of the mice after 52 days of in-
jection. In all cases extensive duct systems were present and most 
of the glands showed that proliferation was progressing, similar to 
that which occurs during normal estrus. 
Injection was withheld for 12 days to allow the mice to recover from 
the adverse effects of daily oil injection. On autopsy after 27 more 
days of injection, a total of 80, the glands were observed to be still 
actively growing (Pig. 16) . The gland condition varied from ex-
tremely long, fine ducts to heavily thickened and proliferated duct 
systems. Two mice showed strong development of very small inter-
lobular ducts. In only one case were there a few lobules near the 
teat duct. Since lobules were well developed after six days injection 
of 1.23 m. u . of fresh AP from pregnant cattle, the method of 
extraction may be causing a separation of a duct hyperplasia and a 
lobule growth factor. 
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Fig. 17.-Rabbit mammary glands. a. typical control gland from a young virgin female rabbit. b. Female. 
rabbit gland after 18 days injection of fresh AP tissue from pregnant cattle (0.42 m. u. daily). c. Control 
male rabbit gland. d. Gland from the same male rabbit after 36 days administration of AP t issue from pregnant cattle (0.57 m. u. daily). e. Gland from same rabbit after 64 days injection. (X2.5). 
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Three immature female rabbits were ovariectomized and control 
mammary glands removed (Fig. 17a) . The mammary glands of one 
of these were at least twice as large as the control glands after daily 
implantation of 0.42 m. u. of fresh AP tissue from pregnant cattle 
for 18 days (Fig. 17b). Increase in extent and complexity of the duct 
system had occurred. 
A second female of the group was given 0.21 m. u. daily of ace-
tone-ether dried AP from the same lot as above. A gland removed 
after 18 days of injection showed less marked development of ducts 
than the first female. The development was appreciable, however. 
The third spayed female was given 0.5 m. u. daily of a safronin 
iso-amyl alcohol extract (#9) of pregnant cow AP. Glands removed 
at 15 and 36 days of injection showed progressive and considerable 
duct development. 
A normal adult male rabbit with very rudimentary control glands 
(Fig. 17c) had developed extensive mammary ducts by 36 days of 
injection of fresh AP (0.57 m. u. daily, Fig. 17d) . A gland removed 
after 64 days injection was even more extensively developed although 
still consisting of a rather open system of branching ducts (Fig. 17e). 
Growth of Mammary Glands in Hypophysectomized Ground Squirrels 
with Anterior Pituitary Extracts 
Growth of the mammary glands of hypophysectomized animals was 
considered essential to establish that the factor producing mammary 
growth in the previous experiments was acting directly on the mam-
mary gland and not through the pituitary. 
Fig. 18.-Mammary glands f r om hypophyse"etomized ground squirrels 
given 1.33 to 5.1 mouse units of mammogen in an extract of anterior 
pituitary from pregnant cattle. The c9ntrol gland (left) showed prac-
tically no duet growth beyond the teat. (X4.5). 
Gomez and Turner (1937) reported mammary growth in hypophy-
sectomized guinea pigs on implantation of rat pituitaries which con-
r 
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tained mammogen. Nelson (1938b, 1939) secured similar results in 
hypophysectomized rats. 
As in experiments with 11 to 19 day injection of normal male mice, 
not all of the hypophysectomized animals treated responded. Two out 
of five hypophysectomized female ground squirrels showed exten-
sive duct development when given 1.33 to 5.1 m. u. of a safronin iso-
amyl alcohol extract (#8) of pregnant cow AP for 10 to 19 days 
(Fig. 18). The three negative animals had but slight duct develop-
ment as did the controls examined. The successful cases had ex-
tensive duct systems without end-buds after treatment. Unfortunately 
the sellae turcicae were not sectioned but no portion of the anterior 
lobe could be found under the dissecting microscope. Other successful 
cases where the sellae were sectioned will be reported in another 
publication. 
DISCUSSION 
Prior to 1936 direct stimulation of mammary gland growth by 
ovarian hormones seemed to have been firmly established. Experi-
ments showing that estrogen would readily gro''l only the duct sys-
tem, in most species, seemed conclusive. The fact that estrogen plus 
progestin, in proper proportions, would complete the development of 
the mammary gland to the condition typical of mid-pregnancy had 
been amply demonstrated. A few experiments on growth of mam-
mary glands in hypophysectomized animals, prior to 1936, almost 
uniformly showed occurrence of growth. There had been some 
opinion expressed that pituitary extracts would influence mammary 
growth but the experiments were inconclusive or questionable. The 
claim was made that the pituitary lactogenic hormone would grow the 
mammary gland. This was clearly demonstrated to be untrue. 
In 1936 were published the first experiments showing that com-
pletely hypophysectomized animals did not respond to administra-
tion of ovarian hormones. It was soon demonstrated (1937) that 
anterior pituitary tissue contained, at times, a factor which would 
cause mammary development in hypophysectomized or normal animals. 
Pituitary tissue from pregnant animals or from animals which had 
been subjected to estrogenic treatment had this faculty. 
It was also demonstrated that extracts of other known pituitary 
hormones would not grow the mammary glands of hypophysectomized 
or normal animals. The theory was then advanced, in 1938, that 
previously unrecognized pituitary factor or factors were the direct 
agents of mammary stimulation. This factor (s) was believed to be 
secreted by the AP under the influence of the ovarian hormones. This 
pituitary factor(s) was named mammogen. From earlier observa-
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tions it appeared that there must be two fractions in the mammogen 
complex. One fraction is apparently stimulated to secretion by 
estrogen alone and causes the growth of the mammary duct system. 
This is called the d11.ct gJ·owth factor. The second fraction is stimu-
lated to secretion by progestin and estrogen during pregnancy and 
grows the lobule-alveolar system. This is called the lobule factor. 
The experiments reported in this paper furnish confirmation of 
the existence of AP mammary growth factors and considerably in-
crease knowledge of their physiological properties. 
In experiments upon growth of the mammary gland with ovarian 
hormones, assays of the comparative strength of the compounds used 
were based on the production of cornified vaginal smears or uterine 
reactions. This does not necessarily give the comparative mammary 
growth stimulating power of these hormones. \Vhen interest arose in 
the growth of the mammary glands with pituitary tissue the need of 
a specific assay method became apparent. The development of such a 
technique has made these studies possible and should further stinm-
late research along these lines. 
After development of the assay technique, it was possible to study 
the changes in level of production of mammogen during the estrous 
cycle, pregnancy, and lactation. Previous investigations had indi-
cated that the mammogenic hormone was present only in the pitui-
taries of animals subjected to estrogen stimulation or during preg-
nancy. By the refinement of the assay technique and the use of 
larger amounts of AP, this study clearly demonstrated that there is 
a low level of mammogen present in the pituitaries of fetuses, grow-
ing males and females, steers, bulls, and non-pregnant females. The 
situation is similar to that of other pituitary hormones such as the 
lactogenic, thyrotropic and gonadotropic except that there may be 
a more marked difference between the pituitary content of mammogen 
at the height of pregnancy (or estrogen stimulation) and the content 
of steer or calf AP lobes. The secretion of the mammogenic factors 
is greatly augmented upon stimulation from the ovary. Apparently, 
in the case of cattle, at least, this occurs during the luteal stage of 
the estrous cycle. Cows with active corpora in the ovaries had con-
siderably more mammogen in the AP than cows with follicles alone. 
\Vhether this is due to the presence of the corpora lutea or to the 
previous production of estrogen in the ovary is not known. The fact 
that estrogen grows the duct system in experimental animals would 
indicate that the mammogenic duct growth factor is under the con-
trol of estrogen. 
That estrogen has an influence on the output of the duct growth 
factor is also sho"VIrn by the increased content of mammogen in the 
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AP of male rabbits given suitable injections of estrone. Such glands 
had an even greater content than did normal pregnant does. 
During lactation, in cows, the content of the mammogenic duct 
growth factor was found to be higher than the content in non-lactat-
ing, non-pregnant cows. It is possible that mammogen is being pro-
duced during lactation in order to aid in maintaining the lactating 
mammary gland. Perhaps the output of mammogen during that 
time has an influence on the rate of involution of the mammary 
gland and on the persistency of milk secretion. Dairy cows were 
found to have more mammogen at this time than beef cows, explaining 
perhaps, the greater average persistency of the former. 
Two groups of beef heifers, 500 to 700 pounds weight and over 
700 pounds, with corpora lutea had a considerably higher content 
of mammogen per AP than did any other group of cattle pituitaries 
assayed. During this stage of heifer development the growth of the 
main structure of the mammary duct system occurs, so that by ma- . 
turity or first conception a fairly complete duct system is present. 
Similar heifers with only ovarian follicles had no such high content 
of mammogen in the AP. Apparently the mammogen content varies 
with the ovarian cycle. 
The curve of increasing content in the pituitaries of pregnant 
dairy and beef cows conforms rather well to the rate of mammary 
growth during that period. It should be recognized that the present 
study includes only the duct gro·wth factor and mammary growth 
during pregnancy consists chiefly of lobule-alveolar development. 
The AP content of mammogen was found to be low in early and in 
late pregnancy. The hormone content increased rapidly after the 
first month or two of pregnancy to reach a peak at about 150 days, 
at which time the pituitary contained about twice the amount pres-
ent in the glands from non-pregnant cows. This is believed to in-
dicate that at this time the pituitary is producing a greatly increased 
amount of the hormone. Future investigation may show that ju-
dicious administration of purified extracts will cause increased growth 
of the mammary gland and increased milk production during the 
following lactation. Nutritional factors may be found which will 
augment the rate of secretion of the mammogenic hormone. 
It is generally recognized that dairy cows have larger udders and 
mammary glands than beef cows such as Angus and Hereford. That 
these differences in size and development are due to genetic factors 
has long been appreciated but the physiolog·ical mechanism by which 
these inherited differences are expressed has been unknown. The 
present study has shown for the first time that dairy cows exceed 
beef cows in rate of secretion of the mammogenic duct growth factor 
66 MISSOURI AGRICULTURAL ExPERIMENT STA'riON 
by the pituitary. 'l'his explains in part the superiority of dairy cows 
in size and development of udder and mammary glands. The extent 
of development of the ma:mmary glands has an important influence 
on the amount of milk produced. Larger glands have the pot~ntial 
ability to produce greater quantities of mille Other factors influenc-
ing production may, of course, interfere with the realization of this 
potentiality. 
Chemical research has been quite successful in helping to establish 
the individuality of · mammogen as a distinct hormone. Its ability 
to go into solution in ether and alcohol and its stability there on ad-
justment of pH distinguish this factor from the other known pitui-
tary hormones. The early idea that the lactogenic hormone of the 
pituitary was the factor causing mammary hyperplasia has been 
amply demonstrated to be untrue by the ability to separate these two 
pituitary factors. 
The mammogenic duct growth factor has also been distinguished 
from estrogen of which the pituitary appears to contain a trace. The 
pituitary estrogenic activity is far too low, under the conditions of 
these experiments, to have been the cause of duct hyperplasia, which 
has been shown to require 40 to 120 times as much estrogen in the 
male mouse as is required to produce cornified vaginal smears in 
spayed rats or mice. Further, it has been shown that a pituitary 
extract has the ability to promote growth in hypophysectomized 
ground squirrels, whereas estrogen is ineffective. 
Extracts have been obtained which are 400 times as potent per unit · 
weight as the fresh AP tissue from pregnant cattle. Further con-
centration should be secured easily. 
Extracts of AP containing mammogen have been sho>vn to develop 
complete duct systems in male and spayed female mice, male and 
spayed female rabbits, and in hypophysectomized ground squirrels. 
Long time administration of extracts failed to cause more than duct 
development whereas implantation of fresh AP tissue containing 
mammogen caused lobule development in spayed female mice in a 
few days. This is interpreted as indicating that there are actually 
two mammogenic factors and further that the extraction method has 
caused a separation of the factors. 
With the discovery of pituitary factors which appear to regulate 
the growth of the duct and lobule-alveolar structures of the udder 
and thus indirectly, the size of the udder, another advance toward 
a solution of this intriguing problem has been made. It is believed 
that the present investigation has made a contribution to a better 
understanding of mammary physiology in which the anterior pitui• 
tary appears to be so intimately involved. 
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SUMMARY 
Five hundred and forty-five cattle pituitaries were collected in a 
local packing plant and were assayed for their content of the duct 
growth factor of mammogen. From the recorded weights of these 
pituitaries, data were secured indicating that there is a decrease in 
pituitary weight in proportion to body weight during development of 
steers and heifers. Pituitaries of young beef bulls were larger than 
those of heifers of similar body weight. Castration of males and 
pregnancy in females were found to make little difference in pituitary 
weight. The pituitaries of parous females were found to be consider-
ably larger than those of virgins in proportion to body weight. This 
increase seemed to occur by hypertrophy of the posterior pituitary. 
In addition a considerable, but non-permanent, increase in weight 
of the anterior lobe was found to occur during lactation. 
The pituitaries of New Zealand female rabbits were found to be 
slightly larger than those of males of the same body weight. Great 
variability in thyroid and adrenal weight was found. 
A method for assay of the duct growth factor of mammogen was 
formulated. It was found that the mammary glands of 15 to 25 
gram male mice normally remained rudimentary and did not respond 
to gonadotropic hormone administration. It appeared that this ani-
mal was suitable to use for the assay of the mammogenic hormone. 
Normal and castrate males responded similarly to implantation of 
AP tissue from pregnant cattle. The assay technique used involved 
subcutaneous injection daily for six days with autopsy on the seventh. 
The mouse unit of the mammogenic duct growth factor is defined as 
the amount of tissue or extract required (per mouse) to produce 
definite signs of development in one or more glands of 50 + ten 
per cent of ten or more male albino mice weighing 15 to 25 grams. 
The mammogen content of AP from pregnant dairy and beef cows 
was found to be low in early and late pregnancy, rising to a peak at 
about 150 days. The hormone content of dairy cow pituitaries main-
tained an advantage in hormone content of 16 to 56 per cent through-
out pregnancy per gram of tissue, and 11 to 152 per cent per AP 
lobe. 
Non-pregnant cows were found to have an appreciable amount of 
mammogen in the pituitary. The content was highest in lactating 
dairy cows. Dry dairy cows with active corpora lutea had 86 per 
cent as much hormone, while dry dairy cows with only ovarian fol-
licles had only 49 per cent as much per AP. 
Two beef heifer groups, with corpora lutea, had 40 to 60 per cent 
more mammogenic hormone per AP than did pregnant beef cows 
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at the 150. day peak. A similar group of beef heifers with only fol-
licles in the ovaries had a low content of mammogen in the AP. 
Dairy steers had 83 per cent as much mammogen per AP lobe as 
did dry non-pregnant dairy cows, with follicles. Beef steers weighing 
500 to 700 and over 700 pounds had a low content of mammogen in 
the AP. 
Beef bulls were found to have 15 per cent more mammogen per 
pituitary than did dairy steers but only 89 per cent as much per 
hundred-weight. Fetal pituitaries contained an appreciable amount 
of hormone. 
The mammogen content of AP from male rabbits administered 
estrone was 50 mammogenic m. u. per gram in a group given 300 i. u., 
40 m. · u. with a dosage of 500 i. u. a clay and about 59 when the 
donors were given 700 i. u. a clay for 10 clays. Each AP contained 
an average of 0.81, 0.69, and 0.99 m. u., respectively. Groups of 
male rabbits given 1000 and 1200 i. u. per day of estrone did not 
respond. ~...,emale rabbits pregnant 10 clays required 40 mg. of AP 
tissue per mouse unit and had 25 m. n. per gram of tissue, making 
0.49 m. u. per gland. 
Mammogen was found to be distinct from other pituitary hormones 
in being soluble in lipid solvents and not isoelectrically precipitated 
from alcob.ol. Mammogen was found to be distinguished from estro-
gen in being heat labile and subject to oxidation. Considerable con-
centration of the factor was accomplished. 
Extracts of AP containing· mammogen had in one case a slight 
amount of estrogenic potency. The estrogen content ·was far too low to 
have been the cause of mammary growth under the assay conditions. 
Fresh AP tissue containing mammogen was found to produce 
early lobule development in six days treatment of spayed young 
female mice. Lipid extracts given 80 days caused extensive duct 
development but no lobule hyperplasia. 
Well developed mammary duct systems were observed following 
19 days injection of male mice with lipid extracts of AP from preg-
nant cattle. Duct systems of three spayed female and a normal 
male rabbit were also extensively g"rO'\Yn with pituitary tissue or 
extracts. 
Two of five hypophysectomized g-round squirrels responded with 
duct development on administration of mammogenic extract for 10 
to 19 days. 
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